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FOREWORD

This report was prepared by the Cook Research Laboratories, a
division of the Cook Electric Company, Chicago, Illinois, in compliance
with Contract No. AF 33(616)-5507, Project No. 6065 and Task No.
61525. The Parachute Branch, Aeronautical Accessories Laboratory,
Wright Air Development Division, was the initiating agency with Mr.
Rudi Berndt serving as project officer. The work at the Cook Research
Laboratories on Phase IV of Project P-1031D• was under the supervision
of Dr. J. R. Downing, Director; Dr. H. V. Hawkins, Assistant Director;
and B. A. Engstrom, Project Engineer. The work was initiated on 1
February 1959 and completed on 15 October 1959.

Staff members who contributed to the project include: L. J.
Lorenz Executive Engineer; S. C. Henjum, Staff Engineer; K. J.
Allen, Senior Engineer; L. W. Sims, Senior Engineer; G. A. Allred,
Senior Engineer; R. Golbach, Designer; R. P. Lang, Engineer.
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ABSTRACT

A method for the testing of Aerodynatnic decelerators utilizing a
ground launch technique was developed. Suitable test equipment and
launch hardware was selected. Test methods and procedures were
established. Test missiles capable of over water operation were
designed and fabricated.

A field test program consisting of five missions was performed
over a test regime of altitudes between 25, 000 and 70, 000 feet and Mach
numbers from 1. 1 to 1. 83.

A shaped parachute canopy in the form of a hemispherical ribbon
type with 10% extensions (Hemisflo) was found to perform satisfactorily
at a Mach number of 1. 83.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

GERA. SOLT, JR. V
Chief, Aerodynamic Deceleratur Branch
Flight Accessories Laboratory
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S, "ICTION I

INTRODUCTION

A. General

The following represents Part IV of WADD Technical Report 58-284
entitled, "Performance of Trailing Aerodynamic Decelerators at High Dy-
namic Pressures. " The work reported on herein is Phase IV of A continuing
effort in the study of the behavior of fabric parachutes at high altitudes and
high velocities. Thu pe-rtiiit contract was AX. 3.3(6161-a.7

Test vehicles were developed and fabricated, test hardware and launch
equipment were selected and installed, and a series of tests were conducted.
All testing was accomplished at the Air Proving Ground Center, Eglin Air
Force Base, Florida.

Test data were collected on several basic types of parachutes. These
were:

(1) FIST ribbon

(2) Conical ribbon

(3) Equiflo ribbon

(4) HeirA sflo ribbon.

Test missions were accomplished over a velocity regime from Mach 1. 1 to
Mach 1.83 and at altitudes from Z5, 000 feet to 70, 000 feet. The test vehicles
were all launched from the ground and all except the first mission employed
two stages of boost.

B. Background

Phases I and I1 of the program involved testing with both aircraift and
balloons serving as launching platforms. A total of 27 missions were accom-
plished during these previous phases. The results were reported ii Parts I
and II of this report.

Manuscript released by the author February 1961 for publication as a WADD
Technical Report
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Before the end of Phase II the limitations of the laurch methods being
used became apparent. Range limitations, weather restrictions, and other
difficulties made it necessary to adopt ground-launch techniques. No suit-
able land range was available and, therefore, an over-water range was selec-
ted. As a result the basic missile had to be redesigned for water recovery.
This involved the inclusion of a balloon flotation system and the arrangement
of all instrumentation components in watertight compartments.

The redesign of the test vehicle was partially accomplished during Phase
II. Also, some progress was made on the fabrication of the necessary quantity
of these test vehicles. A launcher was selected, ordered, received, and in-
stalled at the test site. Launch e...u..us and procedures were tentatively
established. The necessary launch hardwa.-u was determined and either fah-
rication initiated or vendors contacted.

Phase III was a wind tunnel study which was conducted concurrently
with Phase II and was reported as Part III of this report.

Table 1 presents an over-all picture of the testing during Phase I, II
and IV.

WADD 'R 58-284 Pt IV 2 I
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SECTION II

OPERATIONAL RESULTS

This section presents primarily an over-all evaluation of the relative
performance of the five ground launch test missions of Phase IV. Included
herein are general descriptions of launch and flight characteristics, instru-
mentation efficiency, and the success of recovery operations. Table 2 intro-
duces in summary form the operational results of test missions 28-1 through
3Z-5. Presentation and discussion of test data will be accomplished in detail
in Section V.

A. Test Mission 28-1

Test Date - 10 March 1959

Configuration - Type III missile (800 lb) with single Nike booster

Mission No. 28-1

Launch angle - 790

Programmed test altitude - Z5, 000 ft

Anticipated test velocity - M\ach 1.5

Test parachute - CRIII C-300 conical ribbon

1. Test Results

The launch was normal and uneventful (see Figure 1). Missile
left launcher and clim-hbed nn predicterd trajecrtory. Booster burning
appeared erratic, but provided a full 3. 5 seconds of thrust. At first
stage burnout a spin rate of approximately one revolution per second
was observed. Ground cameras showed the missile and booster utill
attached (or in very close proximity to each other) at t + 4. 0 seconds
or 4. 0 seconds after launch, The missile was not visible again until
t + 5.0 seconds. By this time separation had occurred and the booster
was not seen within the camera's field of view. At t + 5. 1 seconds a
white object appeared just aft of the test missile. Indications of test
parachute deployment at approximnately four seconds were noted during
the investigation of telemetry records. Booster impact was observed
visua;lly from the shore. Several objects, one of them tentatively

WADD TR 58-284 Pt IV 4



T) 0

t, k' bo 30 0 0 0 00 0 0 00 30 ho bb) 4:

0 0Z ;,0 0 0 04
z ~ z 0 p o 0

170 F3
C-.~~ ~ P.4 04 q ) 4 4

4O 44 4

'~~''-' c )~,0 4) 0 .

-' 40 03 0) 4) 0 ;1 z L)

44 k. 4 0. 0. a 0 00 0 0 bl 00 001['U

0~ 0 o k f)

'V 0 o 00 0 '0

30 0 4
~ '~ 4)4

3 5 g 4344''0'd 0 43 0 40 o 0

3. 00 0 4 3u. ~ ~ 4
34 34 3. 3. 3. 30 00 00 0 0 0 0 ~ 304

0 0 0 0 ~ ~ J)~) 0 0 0 4~~4 '. )00

0 f- '0 00 H
ok b* 0. o o

Id g ~ .-. 3'4 0 n4
0 co 0 W , 0 0 d V'

44 V 0 0aDOO

MA DT 82 4 I 0,I



/
Ji

Figure 1. Single Stage Type III Cree Launch, Mission 28-1

identified as a white parachute, were seen to impact along the line of
flight within the booster splash point. Search operations initiated imn-
mediately following the test mission failed to produce a parachute or
any other floating object between shore and booster impact point; how-
ever, during diving operations at a later date, the Nike bottle was lo-
cated and two of its three fins retrieved.

At the time the test parachute was programmed to deploy (t + 15.5
seconds), the telemetry records indicate an event occurred. While the
record does look somewhat like a parachute deployment, the ground
camera film shows only a puff of smoke. No parachute was visible at
thi s tim e.

The recovery parachute was rlP1-oyed at t + 28.5 seconds. Both

telemetry records and ground cameras gave evidence that this event

occurred on schedule. Contrave phototheodolite film shows a puff of
smoke at t + 28. 4 seconds. At t + 29. 5 seconds two white objects are
definitely visible. It can be assumed that one object is the nmissile,

WADD TR 58-284 Pt IV 6
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the other the nose weight.

Recorded time to splash was 288 seconds (approximately eight

seconds longer than predicted) at a range of 29, 600 feet. Peak altitude

attained during the test mission was 33, 400 feet. The rate of descent

was 100 feet per second at an altitude of 2500 feet. The theoretical

value of rate of descent with an eight foot FIST ribbon recovery para-

chute is 93 feet per second. No SARAH signal was received, no dye

marker was observed, and the missile was not recovered.

Telemetry reception was good during the entire flight. At t + 3. 4

seconds a zero shift occurred in the pressure channels and the force
channels became noisy. The tensiometer channels have what appears

to be good data at about t + 3.4 seconds for 0.5 second after whichthey

become noisy. At t + 27. 4 seconds the pressure channels recover from

the zero shift which occurred at 3. 4 seconds and remain at that level

for the rest of the flight. At t + 27. 4 seconds the noise on the force

channels decays to a negligible level where it remains for the rest of
the test (to t + 288 seconds).

None of the radar stations were able to pick up the beacon signal.

Indications prior to launch were that the beacon was being interrogated
and was transmitting.

Contrave phototheodolite tracking of the missile proved to be diffi-
cult and several of the cameras followed the booster. While the missile
image size was small it was possible to observe smoke from powder

charges and other significant events.

A missile trajectory was obtained by radar skin tracking techni-
ques; however, the radar plot indicates an excessive amount of search-
ing was needed.

No evidence could be found to definitely establish that the balloon
had emerged from its compartment and inflated. However, the fact that
no SARAH signal was received by either the search aircraft or the ships

and also since no dye marker was detectecd it seems logical to assume
that there was no flotation.

Since the mission was initiated shortly after 2:00 P. M. the hours

of daylight remaining for a search were somewhat limited. Also,' no
definite search procedure had been established in the event no SARAH
signal was received. It was not until several days after the shot that
divers actually conducted a search on the bottom at the splash point
as indicated by radar. There is reason to believe that if the diving

WADD TR 58-284 Pt IV 7



operation had been accomplished immediately after the test, the missile

would have been found. The extremelystrong underwater currents which

exist in the Gulf of Mexico could very possibly cause a configuration,

such as the Cree missile with recovery parachute attached, to drift a

considerable distance each day. Using portable sonar gear, divers

searched a 1200 foot diameter circle.

2. Conclusions

(a) The missile programming system functigned satisfactorily

at least up to the time of balloon inflation.

(b) The test parachute was probably deployed prematurely at

the time of booster separation.

(c) The test missile radar beacon apparently did not function.

(d) The loss of the missile was due to a failure in the flotation

system and a lack of coordination of the search activity.

(e) The spin vanes imparted a spin rate of approximately one

revolutionper second to the booster-missile combination as pre-

dicted.

B. Test Mission 29-2

Test Date - 23 April 1959

Configuration - Type III missile (800 lb) with two stages of Nike boosters

Mission No. - Z9-Z

Launch angle - 790

Programmed test altitude - 66, 000 ft

Anticipated test velocity - Mach 1.5

Test parachute - 6 ft FIST ribbon (Project Mercury)

1. Test Results

First stage ignited and missile lifted off launcher. At t + 0. 050

second, second stage ignited. Separation of first and second stages

occurred immediately. Both second stage with payload and first stage

WADD TR 58-284 Pt IV 8



alone proceeded on separate trajectorieo. Second stage booster sep-
aration from missile was not witnessed but apparently occured nor-
mally at about t + 10 seconds. Telemetry records indicate test para-
chute deployment occurred at t + 43 seconds.

Recovery parachute operation appeared to be normal with deploy-
ment at t + 73 seconds. From the available inforuiation It was not
possible to determine if nose weight separation or balloon inflation had
occurred. Search aircraft reported seeing the test missile on its re-
covery parachute with two other round obj ects hanging beneath. They
did not witness splash but received a SARAH oigna! for a very brief
period.

Radar tracked missile beacon for the first five seconds. There-
after skin track was obtained intermittently to t + 63 seconds. All

tracking data gathered was exceedingly rough and did not reduce into
a usable trajectory. Despite an intensive search the missile was not
recovered. The telemetry record on this mission was one of the best

obtained in the entire test program.

Z. Conclusions

(a) All obtainable information indicates that all missile functions

occurred about on schedule. The evidence tends to indicate that
the balloon had at least partially inflated.

(b) it can be assumed with reasonable assurance that the balloon
did not float except possibly for a very brief period of time.

(c) It was not possible to determine why the second stage ignited
prematur ely.

(d) Better coordination between the search activity, the radar
site, and the mission control points must be attained on future
test missions.

C. Test Mission 30-3

Test Date - 3 June 1959

Configuration - Type III missile (800 ib) with two stages of Nike boosters
(see Figure Z)

Mission No. - 30-3

WADD T1.t 58-284 Pt IV 9
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Figure 2. Two Stage Type III Cree Loading Operation, Mission 30-3

Launch angle - 790 (see Figure 3)

Programmed test altitude - 66, 000 ft

Anticipated test velocit-y - Mach 1. 5

Test parachute - Type lIIA 10 % equiflo ribbon

1. Test Results

Launch was smooth and normal as shown in Figure 4. First stage
burned evenly and some rotation was noted. Burnout of the first stage
(t + 3. 4 seconds) and ignition (t + 8. 8 seconds) and burnout (t + 12. 2
seconds) of the second stage progressed as expected. Missile separa-
tion and test parachute deployment occurred as programmed at t + 14
seconds and t + 43 seconds, respectively. Full inflation of the canopy

WADD TR 58-284 Pt IV 10



was delayed for approximately 2. 13

seconds after deployment. There

appeared to be a restriction at the

parachute skirt. When the canopy

finally blossomed, it filled quickly

and appeared to be fully inflated.

Missile camera film was ob-

tained for approximately 18 seconds.

-" *Throughout this time, the test para-

chute performed satisfactorily and

exhibited little evidence of breathing

or flutter.

Figure 3. Two Stage Type III Gree

Elevated to a Launch A strong telemetry signal was

Angle -of 790, received and good force data recorded.

Mission 30-3 Apparently both pressure channels re-

mained in 100 percent calibrate posi-

tion and pressure data were not re-

corded. The radar beacon was functioning intermittently and only limited

data were obtained. However, at least one radar skin tracked the missile

for a considerable portion of the mi ssion. Usable data were also obtained
by several. contrave theodolite cameras.

Recovery parachute de-
ployment, at t + 66. 74 seconds,

and flotation balloon inflation
appeared to occur properly.
The missile was sighted by the
recovery boat at about the time /
of water impact. The search

aircraft did not spot the pack-
age until recovery was in

progress by the boat crew.
SARAH signal was received
by the aircraft. Recovery of

the missile from the water was
accomplished within 20 minutes

after impact.

Exarminition of the missile.

after recovery revealed that Figure 4. Two 6tage Type 111 Cree

water leakage into some of the Launch, Mission 30-3
sealed packages had caused
minor damage. However, the
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missile was reusable after limited reworking, No damage was incurred

by either the test or recovery parachutes.

2. Conclusions

(a) The missile prograiLining system functioned satisfactorily.

(b) The radar beacon did not function properly.

(c) The equiflo parachute functioned very well exhibiting a high
degree of stability.

(d) An improvement in range coordination was noted.

D. Test Mission 31-4

Test Date - 10 July 1959

Configuration - Type III missile with two stages of Nike boosters

Mission No. - 31-4

Launch angle - 79'

Programmed test altitude - 50, 000 ft

Anticipated test velocity - Mach 1.87

Test parachute - Type IIIB 1016 equiflo ribbon

1. Test Results

The launch was made at 7:45 A. M. and was apparently normal
(see Figure 5). Operation up to ignition of second stage was nirtnal.
Second stage appeared to flame out less than one second after ignition.
However, it delivered thrust for a full 3. 4 seconds. A good telemetry
signal was received for about 180 seconds. Radar beacon was not
functioning at tune of launch. A radar skin track was obtained for
the initial 15 seconds and again from an altitude of 32, 500 feet on
down to splash. Phototheodolites tracked f-orn launch to an altitude
of 15,000 feet. Total flight time wA s 397 seconds.

Investigation of the telemetry records revealed a shift in force
channels at about t + 4 seconds, of about 50 percent of full scale on
the 40 kilocycle channel and 20 percent of full scale on the 70 kilocycle
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channel. No data were obtained fromn

either of the force channels. Good

static pressures were recorded but

no impact pressure datawere obtained.

Timing marks appeared on all data
channels.

' 9 1 The test parachute container was
found after the test, indicating the test
parachute had deployed. Time of flight
indicates recovery parachute also de-

"A tropical stormwas detectedin
the impact area while the missionwas

Figure 5. Two Stage Type III Cree in progress. A water spout wac
Launch, Mission 31-4 served and all crash boats and .rch

aircraft were ordered to return co the
base immediately. The search aircraft passed over the impact point
within one minute of the splash time reported by radar. Marker dyewas
sighted but no balloon was visible. No SARATI signal was received. The
missile was not recovered.

Z. Conclusi ons

(a) From the available information, it appears that the mission
was very nearly normal with all functions occurring on schedule.

(b) Dye marker on the water tends to indicate that the balloon
had either inflated or at least was out of its compartment. The
fact that the balloon was not sighted suggests that either it burst
upon water impact or the nose weight had not separated.

(c) It is obvious fromu, the results of this mission that adequate
weather forecasting must be provided. It is reasonable to assume
that had it nut been fur the sudden intrusion of a tropical storm,
the missile would have been recovered. Three radars all tracked
the missile to an impact point within a 100 yard circle and a search
aircraft had the impact point in view. It was not possible to initiate
search operations until thr±ee days afterv the test. The sea.lch was
abandoned after one square mile around the impact point had been
thoroughly combed. Both dragging and diving operations were
employed. The impact point as given by radar was considered
to be reliable. It must be concluded that the missile drifted after
impact.
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E. Test Mission 32-5

Test Date - 2 September 1959

Configuration - Type III (800 ib) with two stages of Nike boosters

Mission No. - 32-5

Launch angle - 790

Programmed test altitude - 50, 000 ft

Anticipated test velocity - Mach 1. 87

Test parachute - Type 1113 10 % Hemisflo ribbon with ZD suspension

lines

I. Test Results

Launch and first stage boost functioned nuoinally. Suond stage

ignited late, at about t + 10 seconds, and burned out at t + 14. 5 seconds.

Burning of the second stage was observed to be rough and uneven. Te-

lemetry and radar beacon functioned up to peak altitude of about 74, 600

feet. Test parachute wes deployed at a Mach number of 1. 83 and an

altitude of 53, 800 feet. Parachute operation, as evidenced by onboard

camera film, was very good. Inflation was rapid and parachute oscilla-

tion and breathing were limited. Telemetry signal strength was good

through the test portion of the flight. However, data record became

erratic at ignition of the second stage booster. No data could be re-
duced from telemetry recordings. Comparatively good radar and con-

trave data were obtained. After radar beacon fadeout, at t + 103. 6

seconds, a skin track was established (at t + 177. 7 seconds) and the
missile followed to splash.

The test missile was spotted by search aircraft at about the time

of splash. SARAH transmitter and location light were functioning prop-
erly, but the crash boat did not use the SARAH signal because of the

visual sighting. The boat arrived at the impact point within 10 minutes

of splash time.

Most missile compartments had some water, but damage was slight.
Aft end of the mnissile showed some structural damage apparently caused

by rough burning of the second stage, and the fact that second stage sep-

aration occe rred beforc burnout. A considerable number of screws was
shieared off at tOe hase of the missile fins.
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2. Conclusions

(a) The missile programming system functioned satisfactorily.

(b) Late ignition nnd rough burning of second stage did not im-
pair the m-iissile's over-all performance.

(c) Radar beacon provided good tracking through the test point.

(d) The type IIfB 10 percent exten-ded hemispherical ribbon
showed very good operation.

(c) The anticipated test ronditions had been attained.
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SECTION III

TEST MISSILE DEVELOPMENT

A. Background

The model 59 test missile utilized in this phase of testing was designed
and developed during Phase II of the program. As a result the test vehicle was
described briefly in Part II of this report although principle attention was de-
voted to the differences between the new or model 59 version and the original
land based type.

In order to make this part of the report complete in itself, the model 59
missile and its various subsystems will now be described in some detail.

B. General Description

The model 59 Cree missile is nine inches in diameter and has a total
basic length of about 10 feet. The missile body is of semimonocoque con-
struction with three external longerons 120 dugrtes apart running the full
length of the skin panels, or 72 inches. Internal bulkheads are located at
various stations in the missile. Missile weight can be increased from its
basic type I weight of 230 pounds up to 800 pounds by the addition of a nose
ballast section.

The missile contains a four channel telemetry and data acquisition sys-
tem which gathers and transmits significant data on the performance of the
test item. A dual programmirng system controls the various missile functions.
The missile is also equipped with• a recovery and flotation systern and a number
of location aids.

"The missile can be physically divided into a number of definite compart-
ments. These are:

(1) Nose assembly

(2) Main instrutnentation

(3) Flotation and reco':-ery

(4) Rear instrumnentation

(5) Test parachute.
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The general arrangement of the various compartments and somne basic

dimensions are shown in Figures 6 and 7.

FWD INSTRUMENTATION- FLOTATION

TYPE III BALLAST-\ RECOVERY A,_'T

INSTRUMENTATION

STASTA STA. STA. STA.

\17\.7

100.400 14856 154l 
•,7 

17A
STA. TEST PARACHUTE
135.56 CONTAINER

DOOR IN OPEN DOOR STRIP

1200- POSITION • RECOVERY CAMERA
DOOR PLATE

LONGERON N

RECOVERY DEFLECTOR

REMOVABLE RECOVERY
i PANEL CITARGE

SECTION A..A SECTION B-B SECTION C-C
FORWARD RECOVERY AFT

INSTRUMENTATION PARACHUTE INSTRUMENTATION

Figure 6. Model 59 Cree Missile Structure

1. Missile Structure

The basic structure of the mnodel 59 Cree missile retains many of
the features of the original vehicle. The rnissile shell consists basic-

ally of three skin panels each 7Z inches long and extending 120 degrees
around the circumference. The skin panels are fabricated from 1i/8

inch thick type 7075-T6 aluminum. At the longitudinal juncture of the

skins, each panel is bent outward to form an external rib. To provide

additional stiffness, an external longeron 1/8 inch thick and one inch
wide Inade of heat treated 4130 steel is pr7ovided along each rib. The
skins are bolted together with the longerons serving as a nut plate as

shown in Figure 6.
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Over the flotation, recovery aiid rear instrumentation compartments,

one of the skin panels acts as a door. The skin panel is split longitudi-

nally along its entire length and each half fastened to one of th'e iongerons

through a hinge. Thus each half of the door panel can be opened outward
as shown in Figure 6, Section B-B. The doors are kept in the closed
position by means of an external strip fastened to both halves of the door.
When it is desired to open the doors, the strip is broken by an explosive
system.

In order to provide sufficient strength in the sections where the re-
covery door replaces a skin panel, additional structure was added. This
extra structure also serves as the deployment housing for the recovery
parachute (see Section B-B, Figure 6). In the rear compartment, addi-
tional strength is obtained by means of the camera mounting or wing
plate (see Figure 6, Section c-c).

2. Nose Assembly

The missile nose assembly consists of a combination pitot tube
and telemetry antenna, an air storage bottle, and the housings and
fairing required to integrate these elements into the basic recovery
package.

a. Nose Probe

The mi1ssile nose probe serves the dual purpose of a telem-
etry antenna and a pitot tube. The stainless steel pitot tube picks
lip both total and static pressures. These pressures are ducted

into flexible hoses which lead to the main instrumentation com-
partment where pressure transducers convert the pressure read-
ings to equivalent electrical outputs.

The probe is insulated from the missile itself by a phenolic
cone which fastens onto the nose spike. This permits use of the
probe as a telemetry antenna. A coaxial cable leads to the main
instrumentation compartment from the probe.

b. Air Storage

The air supply for the flotation balloon is stored in a high
pressure air reservoir constructed to IGC specifications, which

i@ located inside of the missile nose spike. Formerly the spike.
was used as a ground penetration device in order to rninirrnize
impact damage. While this capability is no longer required in

the water recovery type of vehicle, it is still necessary to provide
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a nose spike in order to position the pitot tube a suitable distance

forward of the basic vehicle.

The relaxes strength requirements for the spike permitted

use of a thin wall, tubing thus making available a considerable

volume within the spike. A long, slender air storage bottle was

selected which would easily fit within the spike and would permit

storage of a sufficient quantity of air to provide proper balloon

inflation. While the bottle has a proof rating of 5000 pounds per

square inch it was found through testing that for the Cree flotation

system, 2400 pounds per square inch was more than adequate.

Generally, a balloon pressure of from one to two pounds per square
inlch gage at sea level is considered to be satisfactory.

The air storage bottle is oriented as shown in Figure 7 with
the filling valve at the forward end. High pressure air is conducted

from the aft end of the bottle through a stainless steel tube to the
balloon inflation valve located on the bulkhead at station 125.

c., Nose Structure

The Z--i/z inch diameter nose spike fits into a socket in the
forward end of the station 100 bulkhead. The probe assembly fits
directly on the front end of the basic spike on the type I or 230
pound vehicie. When a type III or 800 pound configuration is used
it is necessary to add an extension to the spike in order to nmain-
tain the probe at a sufficient distance in front of the basic vehicle.
From Figure 6 it can be seen that for a type III vehicle, the tip of
the nose probe is at station 15. 438 while for the type I it is 38
inches fur'ther aft or at station 53. 438.

The ballast necessary to increase the missile weight from
Z30 to 800 pounds is a cylindrical body the sante diameter as the
basic missile and approximately three feet long. It attaches to
the fruiit bulkhead by means of a special separable ring, After
completion of a test, this ring is broken by an explosive system
thuls releasing the ballast and permitting missile recovery.

A fairing is provided between the 2- 1/Z inch spike diameter
and the nine inch missile diameter. This fairing is a 15 degree
half angle stainless steel cone which attaches directly to the sta-

tion 100 bulkhead in the case of the type I missile and to the nose
ballast section in the case of the type ILU missile.
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3. Forward Instrumentation Compartment

The forward instrumentation compartment extends between the

bulkheads at stations 100 and 125 as shown in Figure 6. One of the

three missile skin panels is removable thus providing access to the

compartment. The instrumentation is housed within a sealed container,

Figure 8, which can be installed in the missile through the access panel

opening. It was necessary to flatten two opposite sides of the container

in order to permit installation into the missile shell;

The instrumentation container is a molded Fiberglas cylinder,

open at one end. All of the system components are combined in one

assembly which is inserted into the container through the open end. An

O ring seal and a special clamp ring are incorporated into the endplate

thus providing a water tight container. All electrical leads are brought

out through a single 81 pin sealed connector located in the end plate.

The two pressure taps for the pitot system and a coaxial connector are

also located in the end plate. Significant details of the instrumentation

compartment are shown in Figure 8.

Once the instrumentation package has been installed in the missile

and all connections made, a spacer assembly is inserted between the aft

end of the instrumentation package and the forward edge of the station

125 bulkhead. The spacer can be expanded to completely fill the space

and hold the package tightly in place.

4. Recovery Compartment

The recovery compartment occupies the space between the forward

and aft instrumentation sections. The forward portion of the recovery

compartment houses the flotation balloon and the SARAH location beacon.

The recovery parachute is located in the aft portion.

A trough-like inner section runs the full length of the recovery

compartment. The straight sides of this insert permit easy ejection

of the flotation balloon and the recovery parachute. Also the spaces

between the trough walls and the missile skin serve as wiring tunnels

between the forward and aft instrumentation compartments. A thin

simple bulkhead separates the recovery and flotation sections.

At the bottom of the recovery section is a blast deflector panel

which serves to distribute the pressure developed by the explosive

parachute ejection charge. A so-called "blast bag" protects the re-

covery parachute from the hot gases generated by the explosive charge.
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Figure 8. Main Instrumentation System Details
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The blast bag is secured in the compartment at its upper end around its
entire periphery, The blast bag is inverted by the deployment charge
and remains with the vehicle after the deployment of the recovery para-
chute.

The hinged recovery door extends over the entire recovery, com-
partment as well as the rear instrumentation compartment. This is
necessary so that the recovery parachute riser can be brought back to
the missile rear bulkhead where attachment is made, This riser passes
through the space inside the recovery door and above the canmera plate
shown in Section C-C of Figure 6.

5. Aft Instrumentation Compartment

Since it was desired that the item undergoing testing should be ob-
served it was necessary to provide space for a high speed motion picture
camera. The camera selected was a Fairchild model HS100. This cam-
era had to be located as close to the aft end of the missile as possible.
Hence the aft instrumentation or camera compartment occupies the last
section of the missile. The camera views the test item through an open-
ing in the rear or station 17Z bulkhead.

There were also several other instrumentation system components
which could logically be located in the camera comnpartment. Th ese.
included such items as arming switches, the auxiliary programming
systemý an external control connector, arming and shorting plugs and
for the mnodel 59 missile a radar tracking beacon and destruct system.

The wing plate (see Figure. 6), besides being a structural member,
serves as a mounting plate for the camera and several other components,
All of the components were housed in sealed containers. The camera
was enclosed in a specially fabricated boot. A clear filter backed by
an 0 ring seal was used over the camera lens.

Access doors were provided in the aft instrumentation section so
that certain last mxinute functions could be accomplished easily and sýafc-
ly. Soine of these functions arc; the insertion and connection of the re-
covery parachute ejection charge, the insertion of the m.nissile arming
plug, and the removal of the explosive systetn's shorting plug.

6, 'Tes;t Parachute Assenmbly

The station 172 bulkhead is actually the aft end of the missile struc-
ture. It is a rigid weldment made of 4130 heat treated steel. Attachmnent
points for both the test and the recove-ry paracIuteis were built into this
bhillhiead.
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The test parachute container mounts to the rear bulkhead fitting

snugly within the bulkhead outer flange. Shear screws through the

missile skin, the bulkhead flange and into the test parachute container

keep the assembly intact until at the desired time the test parachute
deployment squibs are fired. The ejection mortar-s develop sufficient

force to shear the retaining screws thus initiating the deployment of

the test item.

The test parachute container is cylindrical in shape and is open

at one end. On a segment across the open end two small pistons are

attached. These pistons fit into mortar housings which are mounted on

the station 17Z bulkhead (siee Figure 9).

TEST PARACHUTE TEST PARACHUTE CONTAINER
ATTACHMENT PIN

MISSILE TENSIOME TER
SKIN

TEST P'ARACHIUTE2 MISL oHA.S~i

STA. ETECORSBOOSTER NIKE BO~OST ER
(IT ADA/P/OR A

95 '. 3

Figure 9. Detailsof Cree Missile Aft End and Faired Last Stagc Adaptor

The test parachute is packed In a deployment bag which is secured

to the inside top of the container. The parachute riser attaches toa load

measuring device, or tensiomneter, which in turn is attached through a

short, flexible link to the center of the station 172 bulkhead.
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C. Missile Systems

The Cree missile contains a number of subsystems each of which con-

tri•hutes to the over-all capability of the test vehicle. These subsystems are

described briefly in the follovwng sections.

1. Instrumentation

The instrumentation system can be divided into the three basic

categories of

(a) Programming

(b) Data acquisition

(c} Tracking aids.

Most of the system components such as the telemetry, timers and power

supply are located in the forward or main instrumentation compartment.

The aft compartment houses such components as the high speed camera,

radar beacon, arming switches, etc.

a.. Programming

The Cree missile programming system is composed of a
primary and a secondary system as shown in Figure 10. Each

of the two systems is completely separated from the other in

order to provide the highest possible reliability. Thus, each
system has its own power supply and arming switch. Each of
the many missile functions is provided with two initiators so

that full advantage of the dual programmi ng system can be real-
ized.

EaLch of the two lanyard operated arming switches are
actuated as the missile leaves the launcher. In the primary
system the functioning of the lanyard switch starts the motor
driven programming timer amid also removes electrical shorts

from all of the explosive circuits. The timer has 10 cams,
each of which controls one missile function. The functions are:

(1) Timing monitor

(2) Calibrate sequence

(3) Booster separate.
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(4) Camera start

(5) Test parachute deployment

(6) Timing mark start

(7) Nose weight separate

(8) Recovery system

(9) Power off

(10) Timer reset.

The single recovery system input actually controls several
functions in this system. The recovery door opens immediately
with the closing of the recovery system switch. Two pyrotechnic
time delay elements are ignited at the same time. One of these
time delay elements (0. 5 second) controls the recovery parachute
deployment, while the other (6. 0 seconds) controls the flotation
system inflation valve through an aneroid contrul. The inflation
system completes its operation with no other external control

being required.

The auxiliary programming system controls only those func-
tions essential to the successful. recovery of the test missile. The
arming switch ignites a pyrotechnic time delay switch of such a
duration that the recovery sequence will be initiated at the desired
time. The longest time delay employed during Phase IV was 80
seconds. The initiation of the recovery phase amounts to opening
the recovery door and jettisoning the nose ballast. Additional tinhe
delay elements are also set in motion which controls the recovery
parachute deployment and the various inflation system functions.

b. Data Acquisition

The data gathering system used on the model 59 Cree missile
was essentlally the same as that used on the previous model. A
number of modifications were made to the system in an attempt to
improve both the quality and the reliability of the acquired data.,
Also, the instrumentation components were regrouped and repack-
aged in water tight compartments, A block diagram of the data
acquisition system is shown in Figure 11.
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(Z) Sensors

The two pressure channels are fed by a potentiometer
type of pressure transducer. One such transducer monito',:s
the static or ambient pressure while the other measured the

difference between static and total or ram pressure. From
these two pressure measurements it is possible to determine
both the altitude and the velocity of the missile during a test
mission. The output of the potentiometer type pressure
transducer is fed directly to the voltage controlled sub-
carrier oscillators.

The force measuring device, or tensiometer, is a
ring type tension link containing two strain gage bridges
each of four active arms. The sensitivity of the drag
bridge is twice that of the shock bridge. Thus, on a 3000
pound range tensiometer one strain bridge, the drag chan-
nel, reads 100 percent at a load level of 1500 pounds while
the second or shock bridge reads 100 percent at a 3000
pound load.

The use of dual bridges provides the desirable capa-
bility of being able to measure large parachute opening
forces while retaining the capacity to measure steady state
drag forces with a reasonable degree of accuracy.

C. Tracking Aids

The nature of the Phase IV test program was such that mis-
sile trajectory determination by ordinary radar skin t r ac king
techniques would be unsatisfactory. An object the size of the Cree
missile is difficult to skin track especially when other larger ob-
jects such as boosters are in such close proximity as can be ex-
pected on most test missions. Therefore, it was decided to
improve the tracking capability by incorporating a radar beacon
in the missile.

The selected beacon operates on "S" band frequencies (Z700
to 2900 megacycles) and is compatible with the MSQ-1A shore based
radar. When the beacon is interrogated by a pulse from the radar
station, it retransmits a pulse. Either single or double pulse in-
terrogation can be used. A pulse repetition frequency of 410 cycles
per second was employed.
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It was also intended to provide a destruct capability in

conjunction with the radar beacon operation. A destruct re-

ceiver was designed to function either by the loss of the beacon

signal or by a planned change in the pulse repetition frequency.

The requirement for a missile destruct capability was relaxed

and the system was never employed.

2. Recovery

To accomplish missile recovery it is necessary to (1) open the

recovery doors, (2) separate the nose ballast, and (3) deploy the re-

covery parachute. These functions are controlled by the main pro-

gramming timer or the auxiliary pyrotechnic system. To initiate

recovery, the recovery door is opened. A thermal time delay deploys

the recovery parachute 0. 1 second later. The separation of the nose

ballast is controlled by a separate timer cam.

Opening of the recovery door is accomplished by breaking the

door retaining strip by means of a strand of 10 grain per foot prima-

cord. Each end of the primacord is assembled with a blasting cap

each of which is initiated by one of the programming systems. Once

the primacord has broken the door strip, the force of the explosion
causes the doors to open in which position they are held by special

spring clips.

The nose ballast is separated by the breaking of the mating ring

which attaches the weight to the Missile front bulkhead. The ring is
grooved to receive a strand of 30 grain per foot primnacord. As in the
case of the recovery door each of the two ends of the primacord is

mated to a blasting cap each of which iD activated by one of the pro-
gramming systems. The nose ballast slides off the nose spike after

separation has been accomplished.

The recovery parachute compartment is formed by a trough-like
section which provides straight parallel sides so the parachute can be

easily ejected and also leaves a cavity under the bottom of the parachute
pack. Into this cavity are blasted the expanding gases formed by the

ignition of the recovery parachute ejection charge. The charge is a

sealed cartridge containing approximately four grams of powder and
two electric squibs.

3. Flotation

The model 59 Cree missile was provided with an entirely self-
contained flotation system. This system consisted of:
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(a) An air storage reservoir

b.)\ An explosively actuated air valve

(c) An explosively operated hose cutter

(d) An inflatable balloon.

The air storage bottle occupies the empty space inside of the nose
spike. A stainless steel tube conducts the high pressure air through
the instrumentation compartment to the air valve on the forward side
of the bulkhead at station 125. The valve is opened when its plunger
is depressed as the cam surface on the actuating rod moves through
its travel. Movement of the valve actuator is accomplished by an ex-
plosively driven piston. This piston can be actuated by either one of
two electric squibs located in the cylinder head.

When the inflation valve opens the high pressure air passes through
a short rubber hose to the balloon itself. As the balloon fills, it breaks
the tie cords which hold it in place in its compartment. The balloon in-
flates to full size while held snugly to the side of the udissily by six
tethering lines.

The tethering lines and the filling hose all pass through a hose
cutting device. At a preset time.afte-r the initiation of inflation, usu-
ally six seconds, the two electric squibs in the hose cutter are ignited
and the piston type knife is driven through the hose and the tethering
lines. The balloon is thus released from the side of the missile but
remnains attached by means of a 25 foot riser. A fabric skirt at the
equator of the balloon adds to the balloon drag so that it will always re-
main above the parachute and will thus enter the water last (see Fig-
tre 12).

D. Systems Testing

1. Recovery

A series of system and component tests were conducted on the
mni3sile recovery systems. After ascertaining the proper functioning
of each of the individual components, the flotation system consisting
of the air storage bottle, the Pxplnsive valve, the hose cutter, and the
balloon itself were assembled in the missile.

After a series of successful static system tests, a complete rmis-
sile was mounted on a suitable vehicle and a series of inflation tests
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performed at velocities of 80 and 100
SARAH BEACON feet per second. On all tests, infla-

tion was observed to be very satis-
factory. The inflated balloon exhibited
little tendency to oscillate and remained

GKIT quite stable while tethered to the missile.
On one test, the hose cutter was
actuated and the balloon separated
from the missile. The balloon ex-
tended to the full length of its riser.
The test was completely satisfactory.

A series of three recovery and
flotation system tests were conducted
at the field test site at Eglin Air Force

SHARK REPELLANT Base, Florida. For these tests, the
recovery and flotation components
were assembled in a standard Cree
missile shell that had been ballasted
to weigh ZOO pounds. An Air Force

Figure 12. Cree Flotation Balloon helicopter was used as a launching
platform as shown in Figure 13.

These tests will now be described in detail.

The first flotation system test was accomplished on 13 May 1959.
The test conditions and results were as follows:

(a) Test Configuration -

Standard missile shell
without recovery doors
and with special program-

ming system and no test
parachute.

(b) Test Method - Mis-
sile suspended nose down,
beneath a helicopter. Re-
covery parachute was de-
ployed by static line im-
mediately after release.
Balloon inflation and cut-
off were controlled by the
programming system.

(c) Release Altitude - Figure 13. Flotation System
2500 feet. Test M.Iathod
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(d) Test Results - Recovery parachute deployed normally.
Balloon inflation was uneventftul although four second time
period allowed for inflation was apparently too short to per-
mit full inflation. The balloon was slightly softer than normal.

During descent the balloon on more than one occasion
dropped to the level of the parachute canopy, but each time it
returned to a position, behind the parachute. However, the bal-
loon riser never became really taut. Missile velocity at the
time of balloon inflation was 94. 15 feet per second.

At water entry the balloon did not completely submerge.
However, rough seas soon wet the enLic•' balloon (ece Figure 14).
The velocity at the time of water entry was 91.38 feet per second.
The impact point was about 1/2 mile off shore directly south of
site A- i. The water depth was 50 feet. The marker dye gave
excellent results and the impact point was visible for a consider-
able distance. Recovery was uneventful and was accomplished
within ZO minutes after completion of the test.

Figure 14. Griash float Approaching l,'hatlin I, 1"ittl1ot
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(e) Conclusions - The test was very successful. The test

equipment was undamaged except for corrosion in the program-

ming system and some slight chaffing marks on the balloon riser.

The flotation system functioned satisfactorily. The hose cutter
operation was successful even though only one squib was em-
ployed. However, in future tests, for increased reliability, two

squibs will be used.

The excellent visibility of both the floating balloon and the
marker dye seem to indicate that on any test where the balloon
floats, it would be extremely unlikely that the unit would not be
found.

The second flotation test was accomplished on 15 May 1959. The
test conditions and results were as follows:

(a) Test Configuration - A standard missile shell with flotation
gear and recovery parachute was suspended beneath a helicopter.
Recovery doors were installed and the recovery parachute was to
be deployed by a puwder charge in the normal manner.

(b) Test Results - No events were observed to have occurred.
The missile impacted in the water apparently with no recovery
parachute or flotation balloon having been deployed. The remains
of the missile were recovered by divers. From an examinationof
the recovered pieces and an analysis of the film coverage of the
test, the following conclusions were reached:

(1) The arming lanyard had pulled and all pyrhtechnic
time delays had ignited, burned through, and all circuits
were completed.

(2) The door opening primacord had fired and the door
appeared to have opened before water impact.

(3) The recovery parachute charge had fired but the para-
chute did not emerge from its compartment. The cap end
of the recovery charge had broken away from the main body.

(4) The balloon inflation squibs had fired and the valve
had opened. In the film, the balloon was visible just be-
fore water impact and it is estimated that it was from 1/3
to 1/Z fully inflated. The recovered balloon was split in
several places.
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(5) The hose cutter squibs did not fire. The missile

appeared to enter the water before the time this event

was scheduled to occur.

(c) Concluslons - The loss of the missile was due to the failure
of the recovery parachute to deploy. This was apparently caused

by the head or squib end of the recovery charge blowing off and
allowing pressure to escape. The nissile impacted with the water

before the balloon was fully inflated and before the hose cutter

squibs had fired.

On ZI May 1959, two static ground tests of recovery door opening

were performed. A single sti'and of 10 grain per foot LEDC was used
in each test. In one test a single E-80 blasting cap was used and in the
other, a single XZ57 igniter was used. in each case the door strip broke
down the middle. The two halves of the door strip also pulled loose
from the mounting screws and broke up into small pieces three to five
inches long. There were no sharp or uneven edges left on the door and
the test was considered very successful. Some slight blast damage was

oUted on the recovery paraclhiiie bag and the parachute riser. The dam-
age was not considered serious but on future tests, protective material
will be introduced to eliminate the nossibility of any damage.

A number of tests were conducted on the flotafion system. hose
cutter. It was found that a single one grain squib was not sufficient to

cut the hose while one two grain squib was adequate. When two one
grain squibs were used and only one ignited, the second failed to fire.

When the same test was performed using two grain squibs, they both
fired.

On ZZ May 1959, a static ground test of a complete mnissile was
conducted. The missile was suspended, nose down, from the boom of
the launcher. The missile had a complete flotation system, recoverysystem aInd a type III nose weight. The arming lanyard was pulled and
the following results were observed:

(a) Recovery door opened

(b) Nose weight separated

(c) Recovery parachute deployed.

After deployment of recovery parachute, no succeeding events
occurred. Examination of the missile revealed that the head end of
the recovery charge had blown off and had severed wires which
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controlled the balloon inflation and cutoff conditions. The damaged
wires were repaired and the test continued. The test was completed
uneventfully.

The nose weight separated normally without causing any difficul-
ties with the air supply in the nose spike. No leaks developed. The
movement of the missile was very slight after deployment of the re-
covery parachute.

On Z5 May 1959, a second static ground te'st was performed.
Again the missile was suspended, nose down, from the boom of the
launcher. No nose weight was used. In both the hose cutter and the
air valve, a pair of two grain squibs were used. Only one squib of
each pair was wired into the programming system.

The test was very successful. All squibs were ignited. The hose
cutter mounting screws were sheared through. The air valve mounting
screws were damaged. All functions occurred normally, however.

On 26 May 1959, the third flotation test was accomplished. The
test conditions and results were as follows:

(a) Test Configuration - A standard missile shell with a dual
programming system. Recovery and flotation systems were
complete. No nose weight was used.

(b) Test Results - All functions appeared normal. Recovery
doors opened and recovery parachute deployed. Balloon infla-
tion and separation appeared normal. The balloon behaved
similar t6 the first test of this series. At times it was even
with the skirt of the parachute, and at other times it was above
the parachute. The balloon riser was never under any real ten-
sion.

Upon water entry, the balloon did not submerge. The water
line was approximately at the balloon equator.

Examination of the missile after the test revealed that again
the cap of the recovery charge had blown off. Fortunately, no
damage to the instrumentation resulted. For all future tests, a
backing block will be used in conjunction with the recovery para-
chute charge.

2. Instrumentation
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a. Main Instrumentation Package

A number of pressure tests were conducted wherein the
main instrumentation package was sealed in the normal manner
and then completely immersed in water. The internal pressure
was maintained at 20 pounds per square inch. No leaks were
detected.

Next, the completely assembled package iýras subjected to
a vibration test. The unit was mounted in a special fixture on a
standard shake table. The setup was such that the output of any
one of the four telemetry channels could be monitored. The out-
put was viewed on an oscilloscope and shifts in voltage noted.

For all tests, the force level was set at plus or minus five
g's. The frequency of vibrations were increased slowly up to a
level of 500 cycles per second. This test was performed on each
of the four channels in all three axes for a total of 12 tests. In
addition, on one test, the frequency was increased to 2000 cycles
per second.

In general the results were satisfactory. Some difficulty
was experienced with the pressure +ransducers but the basic te-
lemetry and programming systems functioned very satisfactorily.
The maximum voltage shifts varied between two to four percent.

b. Radar Beacon

Shock and vibration tests of the radar beacon were conducted.
No difficulties- were encountered when the beacon was held at a
steady state of 50 g's on the spin table. The beacon was also sub-
jected to vibrations of plus or minus five g's through a frequency
range of 0 to 1500 cycles per second. The only difficulties en-
countered were at about 800 and again at 1300 cycles per second.
At these frequencies, the beacon operated intermittently. It was
possible to resolve the difficulty by lowering the g level somewhat,
while maintaining the same frequency.

The above situation is not considered too critical since it
is expected that any vibrations at the five g level existing in the
missile would be at frequencies well under 500 cyles per second.

3. Camera

The camera was encased in its rubber boot and placed in an altitude
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chamber. Various tests were conducted; some to altituldes of 80,000

feet. First the boot was allowed to expand freely but this occupied too

much space. Then a check valve was used to allow air over a certain

pressure to escape. However, after return to atmospheric pressure,
air would gradually leak back into the boot. Finally, a method was
tried wherein the check valve was elim-inated and a nylon case laced
around the boot. This system performed the best of all, the rubber
boot maintaining a seal and the nylon case retaining the shape.

E. Aerodynamic Considerations

1. Stability Characteristics

a. Types I and i11 Gree Missiles

The large difference in center of gravity position for the
types I and III missiles dictate fin size requirements. Appro-
priate fins for each missile configuration are employed consis-
tent with the test condition. For example, with 12 by 10 inch
fins on the type I missile, neutral stability is attained at a Mach

nuixbve uf 5. Dy the employment of 12 by 1Z inch fins, the
stability is increased to 09 --

three percent of the length ____________ ____________I

at this Mach number. For - 3-,,12 .I 12 IN FINS ON TYPE I

all tests at Mach 4 for this 3-12 IN, 9 IN riNs OH TYPE IM

missile, the larger fins

will provide a margin of 0 _____...
six percent of the length. ?.

TYPE tL CENT ER,
The type IIIGree missile OP GRAVITY-...

is adequately stabilized T
up to Maach 6 with 12 by 9 - PR SURE

0o.4 ER-.o 11A-! • _ ._ :

inch fins. Stability char-
acteristics of these two _0_

milssiles are shown in OF P ESURE

Figure 15 where (D/L) Is 0.2 - - . _

the ratio of the distance
to the center of pressure o., 1-
or center of gravity,
measured from the base 01-- - - - _

of the missile, to the MACNH NUME

length of the missile.
Corresponding drag curves Figure 15. Type I and II Gree Missiles

for the two missiles are Center of Pressure and
shown in Figure 16. Center of Gravity vs Maclh

Number
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----. TYPES r a r b. Single Stage Type III Configura-
-- TYPE M Lion

i.c - Stability characteristics of this
,Z' configuration are shown in Figure 17.
"-t 0.0 These calculations are based upon the
S1Nemployment of-the unfaired missile0. connector which was originally de--• 0. signed for the aircraft type of launch.

0.4 conetr hihwa rifnly o

-__ The single Cree Type III missile boosted
-0.2 --- by a single stage is adequately stable

with four 2.0 square foot fins on the
S1 5 6 T booster. Due to the economy of the

MACH NUMBER- M larger standard military fins, however,
these are used on all first stage boosters.

Figure 16. Drag Coefficient vs The drag curve for this configuration is
Mach Number, Cree showi. in Figure 18.
Types I, II, and III

0.6

- -MARGIN OF STABILITY IN FRACTION
OF STAGE LENGTH EMPLOYING 3

j 0,5 .... 6STANDARD (5.8 FT ) FINS ON BOOSTER

SYMBOL CODE
- CG - CENTER OF GRAVITYCP-CENTER OF PRESSURE

I04r, •. •• • (D- VINITION1,0 .
. 0.4 " BURNOUT

IGNITION WEIGHT (LBS)-2218

z UNFAIRED MISSILE CONNECTOR

*0

MACH NUMBER

Figure 17. Single Stage Type III Gree Center of Gravity and

Center of Pressure vs Mach Number

c. Two Stage Type III Gonfil•,irationu

The stability characteristics of this configuration are shown
in Figure 19. As in the case of the single ,tage, discussed pre-
viously, 2. 0 square foot fins are adequate on both stages. T h e
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characteristics shown in Figure 19 are
5.0 based upon the us e of standard military

t fins on the first stage booster, and four
UNFIRD MSSLE ONECTRZ. 5 square foot fins on the second stage.

This also is based upon thc use of the
unfaired nri ssile connector. The drag

4.0 curve for this configuration is shown
ft in Figure Z0.

- -d. Two Stage Type I Configuration

Stability calculations to deter-
'-PWERON mine the fin sizteu j-quli-ed an the first

2 and second stage boosters revealedthat

three standard Nike fins (5. 8 square

feet each) on the first stage booster,
and fuur Z. 5 square foot fins on the

Second stage would provide adequate

- stability throughout the Mach number

C~Ii I - range encountered In tbes-e trajectories.

MACH NUMBFR The variations in location of the

center of gravity and center of pres-

Figure 18. Drag Coefficient vs sure of the first and second stage con-

Mach Number - Singyle figurations are shown in Figure 21.

Stage Type III Cree

ii ýMARGIN OF STABILITY IN
1DB - -I-i----- ---- - ~ - FRACTION OF SIAGE LENGTH

2 EMPLOYING 3 STANDARD
1ý 5.8 FT

2
) FINS ON STAGE 1,

G. ~~AND4 - 2 5rT F'INS ON
O.G STAGE 31.

SYM 801 CODE

C VS - CENT ER OF GRAVIT Y

M C.P - CENTER OF PRESSURE

> 00 IGNITION

IGNIlION WI-IGHiS (LBS.)

STAGE I -3465
STAGE IL - 216 3

0 2 PC P NFAIRED MISSILE CONNECTOR

-- - ~ - - ~ SECOND 9TAGE. IGNITION AT
11 SECONDS

MACH SCALE STAGE I

MACH SCALE STAGE It

Figure 19. Two Stage Type III Cree Center of Gravity and Center
of Presisure vs Machi Number
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e. Three Stage Type, III

Configuration,

The three stage type

III configuration stability IUNFA IRED( MISSILE CONNECTOR)

variation in a typical 0

launch traj ectory is shown A
in Figure 22. This con-

figuration also employs -

standard military fins on

the first stage and 2. 5 I
square foot fins on the 1

uipper stages. Four Z.0

square foot fins are ade-POEOF
quate for th16 Lconfigura-

tion on all stages; howe er .3.0

for purposes of standardi- POWERO ON

zation, the military fins

and 2. 5 square foot fins

are used. Drag curves

for the three stages of 0.1, 3JME

this configuration are

shown in Figures 23, 24, Figure 20. Drag Coefficient vs Mach

and 2 5. Number -Two Stage Type
III Cree

06INNFNFOLF

SYSNI NOO (

F~1 NFLF I 11_

- ~ FOCI 1LO9N

FL~0 
_jINI II IF

Figure 21. Two Stage Type I Cree Figure ZZ. Three Stage Tjype) III Gree

Cenuer of Gravity and Center of Gravity and

Center of Pressure vs center of Pressure vs

Macli Number Mach Number

f. Three Stage Two Missile Cluster Cýonfiguration

Due to the close coupling of the missile cecnters of gravity

with the third sltagte booster center of gravity and also to account
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L.4

04 flOUSIIHG0 0.4 -IRS N; -

08 - 5L 
- -- 

I2 
- -

MACH NUMB0ER-M 0 1 2 3 4 5
MACEI NoC 0

Figure 23. Drag Coefficient vs Mach Figure 24. Drag Coefficient vs Mach
Number - Cree Type III Number - Cree Type IIIJ
with Three Nike Stages with Two Nike Stages

for possible downwash H. -

effects of the cluster,
four fins of 5.0 square
feet each are required
for this stage. Three -

standard military fins

are employed on the first I
and second stage boosters.
The stability of this con-
figuration is shown ill
Figure Z6, for a typical Ili 4

launch trajectory. Drag
curves fpr the, three stages
are shown in Figures 27, 30'

28, and Z9. 0

2. Disperrion s- AC4044' 8 0

Calculations to determine Figure 25. Drag Coefficient vs Mach
the posibleNumber - Grue Type III

teposbedlispiersions of the, with Single Nike Stage
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0.6 4 MARGIN OF STABILITY IN FRACTION
COF STAGE LENGTH EMPLOYING 3

C. STANDARD (5.8 FT?) FINS ON STAGES

0 a M AND 4-5.0 FT2 FINS ON
wO.E-4C CG STAGE ML

W 0.5 ,- -- -

( STAGE STAG SYMBOL CODE

-STAG C.G -CENTER OF GRAVITY

STAGE CRP - CENTER OF PRESSURE

uO' CI - BURNOUT

IGNITION WEIGHT (LBS)

CW 0.3 STAGE I - 4699
STAGE21- 3368STAGCE =. -203

!2

n.2 - , , STAGE IGNITION TIMES:
0I

MACH SCALE STAGE I 0,5,344 SEC, FROM LAUNCH

0 i 2
MACH SCALE STAGE MF

N.ACH SCALE STAGEM1E

Figure 26. Three Stage Two Missile Cree Cluster Center of Gravity
and Center of Pressure vs Mach Number

various ground launch configura-
tions, particularly regarding the -0-- -

effects of launch angle, were .
performed. The various sources
of dispersion in rocket motor con-
figurations are as follows:

(a) Thrust misalignment, Yj_

due to poor mechanical a-

lignment of the nozzle _ZZ
causing the thrust to act
off the center of gravity. 0 ... .. .... ...

(b) Structural ni sallgn-

merits, caused by manu- Figure 27 Drag Coefficient vs Mach
facturing tolerances of Number - Crecý Two Missile
stage interconnections, Cluster with Three Nike

misalignment with the Stages
center of gravity, or im-
posing a trim angle to the configuration.

(c) Wind prediction errors, which give use to dispersions re--
sulting fromh the weather cocking of the stable configuration.

(d) Launching errors, such as elevation and azimuth settingsof
the lauincher.
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(e) Errors in prediction of

- - -- ~--1aerotiynamic characteristics
-- i -•-- - and motor thrust.

3.i-I
112, HALF ANGLE WEDGE F,,!,NG) In general, analyses of the re-

1lative effects of the various sources
SI#of dispersion have indicated that the

""__ greatest sources of dispersion result

Z /,from (a) and (c) above. Accordingly,
o-the dispersion analyses performed

- -are based on these two sources. The

,-POWEROFF results of calculations which are il-

--------------- lustrated in this report are selected
Con the basis of the most extreme case.

Fj ~ - -~- -This is the three stage type III missile.
This configuration may be intuitively
expected to be the most severe for

0 .C U ' both the dispersions due to thrust mis-
MACH NUMBER alignment and due to winds. The former,

Figure 28. Drag Coefficient vs Mach due to the distance of the first stage
Number - Cree Two Mis- nozzle from. the center of gravity of the
sile Cluster with Two configuration, and the latter due to the
Nike Stages relatively low first stage acceleration.

It may be pointed out here that most of
the dispersion due to thrust misalignment occurs primarily within the
first second of burning, and the
dispersion due to winds occurs
primarily below 1000 to 2000
feet of altitude for high launch
angles. •_

an l .- - - HALF ANGLE WEDGE FAIR!NG -

Rocket thrust misalignment - - -- -

are generally obtained from the Z 2.0

rocket manufacturer. These are I I
usually given as an angular a

thrust deviation which is based • ] • -
upon measurements made during '11 -

manystaticfirings. Atypical
POWER ON

average value of such angular - =
misalignments is approximately-- ----- - --

0.001 radian for a one standard i L
(10- ) deviation. All calculations 0 3 •

MACH UMAMER

are based upon this standard Figure 29. Drag Coefficient vs Mach
deviation, and employ the Number - Cree Two Mis-

sile Cluster with One
Nike Stage
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methods of Reference 1 for the disperzion estimates.

Based upon the physical and aerodynamic characteristics of the

three stage type IIICree configuration, the dispersion due to thrust

misalignment is 1. 3 degrees from the launch direction. The corres-

ponding angular azimuth dispersion for various launch angles are listed

in the following table.

Launch Angle (0 L) Azimuth Dispersion Angle
(deg.) (deg.) -

85 14.9
84 12.2
83 10.7
82 9.3
81 8.3
80 7.5
79 6.8

As an illustration of the azimuth deviation from the unperturbed
impact point, the 79 degree launch case is used. For this trajectory,
the range is approximately 30 miles (with normal parachute operation),
in which case the lateral impact dispers4.on vill be 3. 6 miles.

The dispersion due to wind measurement errors for this configur-
ation indicates that the deviation for the horizontal launch case is 0. 155
degree per knot of cross wind. The azimuth error in this case for an
85 degree launch angle will be 1. 8 degrees per knot of wind error. The
accuracy of wind measurements depends upon the equipment employed
at the launch facility and the time at which measurements are performed
relative to the firing time. It is expected that wind measurement tech-
niques should provide data which is accurate to within two to four knots.
For a four knot error, the 85 degree launch azimuth error will be 7. 2
degrees. The corresponding error in a 79 degree launch case is 3. 3
degrees, providing a deviation of 1.75 miles laterally from the unper-
turbed impact point.

3. Aerodynamic Heating

Calculations to determine skin temperatures at various locations
of the two stage Nike, Cree type I missile configuration have been per-
formed. This configuration is selected as an illustration, since heating
and loading conditions are most severe for this launch trajectory. The
specific locations chosen for analysis are; the missile skin, missile
nose cone, and the conical missile booster connector. Turbulent
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convective heating conditions were assumed at all locations. Heat
transfer coefficients were determined by the method of Reference 1.
Temperature-time histories at the various locations were conservative-
ly calculated by a one dimensional analysis neglecting radiation and heat
transfer to other components.

As a result of the computations, the rnaxirnum skin temperature
on the missile at a station six inches aft of the cone-cylinder junction
was found to be 3600F, the temperature rise of the conical missile-
booster connector was found to be 3730F, and the nose cone tempera-
ture rise was 734 0 F. These are shown in Figure 30. These temp era-

S5 Q O --- --- --

4002_06

:300 -_ -

U, OF SHOULDER
A 8 -CONICAL SURFACE

MISSILE BOOSTER
CONNECTOR

2ND. STAGE IGNITION AT
B ~T =30 SEC. FROM LAUNCH

02 0 4 0 6 0 80

TIME - SECONDS

Figure 30. Skin Tcmpurature vs. Time, Two Stage Type I Crec (Tur-
bulent Heating)

tures are well within the allowable values for the respective component
materials. In order to protect the pyrotechnic material employed for
the recovery parachute door opening, a layer of insulation is required
for this material to prevent it from attaining excessive temperatures.
The test parachute, recove±xy parachute, and flUoation balloon are
adequately protected from surface heating conditions.

Tht. calculations referred to above were based upon a coast period
such that second stage ignition occurred at t + 30 seconds. Ignition of the
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second stage at an earlier tirne will result in more severe heating and
loading conditions with small differences in performance. Correspond-
ing reductions in peak temperatures will result with a longer coast
period, and also with small differences in performance. However, the
velocity of the second stage at ignition becomes quite low with increased
coast tiaxe, thereby increasiing the sensitivity of the configuration to high
altitude winds.

I
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SECTION IV

TEST METHODS, PROCEDURES AND FACILITIES

A. Test Facilities

1. General

The Phase TV program represents the initial test effort utilizing
tne gruux±•.i±ý4l..1... . In previous phases, both aircraft and
balloons were used as launching platforms. The change to ground
launching dictated tsP necessity of developing new test procedures and
techniques. Also, a test site had to be selected and suitable launch
equipment made available.

During the Phase III effort, it was determ-Lined that the test range
which offered the most capability to support a Cree type research
program was that of the Air Proving Ground Center, Eglin Air Force
Base, Florida. While an operational launching facility did not actually
exist at the Eglin range, it was evident that the problems of (stablish-
ing such a facility were not severe.

2. Launch Site-

An excellent launch location was selected at site A- 11 on Santa
Rosa Island. Buildings suitable for the support activity were already
in existence at this site. Building 9268 consisted of three rooms wvhich
were suitable for office space, a work and assembly area, and a control
room. In addition, an adjacent building, No. 9270, was available for
storage and additional work space if it should be needed.

The site for the launch pad was selected about 500 feet east of the
control room, A road was built from the assembly area to the pad.

Control room equipment consisted primarily of instrumentation
obtained from the mobile receiving stations used during Phases I and
II of the subject program. The basic units are listed below:

(a) Helical antennas

(1)) TelenLetry receivers

(c) Panoramic adapter
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(d) Mixer amplifiers

(e) Recording amplifiers

(f) Speed lock equipment

(g) Magnetic tape recorder.

A detailed description of the various equipment can be found in Refer-
ence 2.

B. Launch Eqiiiment

1. Launcher

The Cree lt.L•hiher is patterncd after the NASA W;llnps Island
rocket launcher (NASADwg. No. LD-200,000). Since several changes

were made to the original design, a brief descriptionofthe unit follows:

The launcher consists of a vertical mast supported by three side
braces, a raisable boom, and a hoist mechanism consisting of an elec-
tric motor and a cable system. All of the above are mounted on a heavy
concrete foundation. Figure 31 shows the launcher In a. typical view

with the boom elevated.

PERFOMANCE. DATA

MAxIMUM (CONCEFNTHATIO IOAOI AT 01,)1T %ItI'ORll , •ol1 HI
M AXUI, N% 11 CO I EtN II0TI 11 1 OAD AT [It Alil 20 j](iO T L nl,
M A X I . II 1)I)'Al C(PA• [l" 1) LOAO'*, ,I,[( 400 t R

MAXIA IPA m()mint An OLIT mv0 -)( 4?I ý. 1, 0 1 T L0

CHLEf MIAI TITAGF ROCKILI" LAUNCHER•

Figurtý 31. Gree Multistage Itocket Lauriehert
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The foundation is a reinforced concrete pad roughly triangular in
shape being 74 feet wide, 49 feet deep and two feet thick. Anchor bolts
are provided where needed for tiedown of the launcher.

The single vertical mast is made from a two foot diameter steel
pipe of l/z inch wall thickness. The mast is 32 feet tall. Nine feet
from the pad surface is the attachment point for the boom. This boom
is also made of two foot diameter 1/2 inch wall steel pipe. it extends
outward just over 25 feet from the mast centerline. A Z0 inch diameter
section is available which provides a seven foot extension'to the boom.
A double rail was added to the lower surface of the boom along the en-
tire length.

The boom is continuously adjustable from below the horizontal to
a maximum elevation of about 83 degrees. Hoisting is accomplished
through a cable and pulley arrangement. The hoist is powered by a 10
horsepower, three phase, explosion proof, electric motor.

The launcher has the capability of being rotated on its base so as
to give a degree of azimuth control. A tiller bar extends outward hori-
zontally from the mast to a quadrant which is anchored to the concrete
pad. There are 12 quadrant positions for fastening the tiller bar. These
positions are located at 10 degree intervals thus giving azimuth control
over a 110 degree range.

The launcher has the capability of accepting a 20,000 pound con-
centrated load at either the front or rear supports or a total distributed
load of 40,000 pounds. The maximum permissible moment about the
boom pivot is 425, 000 foot-pounds. The boom can be raised to its max-
imum elevation in less than 10 minutes. The launcher can be controlled
either from an explosion proof control station at the pad or remotely
from the control room.

Z. Lauhch Fittings

A method had to be devised for support of the test vehicle on the
launcher and here again it was decided to adopt the method used by the
NASA (Reference 3). With this method, tee shaped fittings are fastened
to the test vehicle at suitable locations. The first stage booster is sup-
ported both fore and aft and each succeeding stage has one additional
support at its forward end. Thus, a two stage vehicle would have three
support points. The payload is cantilevered from the last stage booster.

The launch tees are of graduated heights; the aft tee being the
shortest, as shown in Figure 32. Each tee fits into a block which is
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Figure 3Z. Cree Zero Length Launching Fittings

rigidly attached to the launcher rails under the boom. The location of
these blocks is adjustable along the rail according to the type of boosters
being used. The rail fittings are made to accept the launching tees in
such a manner that when the test vehicle moves, the tees slide out of
the blocks and the missile becomes completely unsupported. While the
vehicle must move a finite distance of two inches before it becomes free
of the launcher, this is still considered to be essentially a zero length
launch. Stops are provided on the back side of the rail blocks so that
the test vehicle can only go forward.

A capability for rail launching was added to the launcher during
the Phase IV program. A typical view of the launcher with two Nike
boosters attached is shown in Figure 33.

3. Booster Hardware

Primarily for reasons of economy, the Nike M5EI booster was
selected to be used on all Cree ground launched test missions. While
only one and two stage missions were accomplished during Phase IV,
three stage missions were being planned.
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It was determined, on the basis

of expected aerodynamic loads, that
the standard Nike fins would be satis-

.- factory for the booster used for first
stage. This was true regardless of

- -the number of succeeding stages.
: .However, for upper stages, the

............... . standard military hardware would no
longer be adequate. Special high
strength fins were available having
"been developed for a similar purpose
for the NASA. 'An arrangement con-
sisting of four fins each of a two
square foot area was selected for
all stages beyond the first when only
a single payload was being carried.
The programmed cluster concept
would require larger upper stage
fins.

Figure 33. Cree Launcher with Two
Nike Boosters Ready to When more than one stage was

Receive Payload to be used, interstage connecting
hardware was required. Again, a

NASA design was selected. The interstage hardware consisted only of
a cone shaped adapter which bolted to the front end of the first stage.
This adapter was designed so as to fit snugly into the nozzle of the suc-
ceeding stage Nike booster as shown in Figure 34.

The adapter is not attached to the nozzle of the next stage but is
free to slide out at any time. When the first stage fires and lifts off
the launcher, the thrust of this
stage keeps the adapter pressed
into the nozzle of the second
stage. As soon as the first
stage burns out, the different ? .............

weight-to-drag ratios of the
two stages causes the empty
first stage to decelerate more
rapidly than the second. As a I

result, the first stage booster
falls free of the test vehicle .
right at, or shortly after,
burnout of first stage.

If a third stage is used, Figure 34. Nike Interstage Hardware
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the same plug type of interstage fitting can be employed. However, in

this case the second and third stages must be held togehter until after

second stage ignitionin order to insure that separation of second and

third stages does not occur at the time of first stage burnout. The re-

tention system consists of a pin which is inserted through matching holes

in the second to third stage adapter and th'e third stage nozzle (see Fig-

ure 34). The pin is extracted by a pyrotechnic device which is control-

led by a-variable time delay element.

4. Booster to Missile Adapter

In order to expedite the work on Phase IV, it was decided that at

least for the initial tests the e:,J.Ftrg boosteZ to mrissle adapter would

be used. This unit had been developed priimarily for use in aircraft

launched test missicns. As a result, the design features of the struc-

ture were such that it be adaptable to those conditions anticipated for

aircraft handling. The intertie structure was so designed that the Nike

igniter could be easily installed as a last step just before aircraft take-

off (see Figure 35). Thus, the intertie structure is of an open type of

Figure 35. Missile to Booster Unfaired Intertie Structure
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construction. It was designed to be strictly functional with no attempt
made at streamlining.

The intertie structure bolts to the front end of the Nike booster.
The test missile fins rest firmly against the forward plate of the as-
sembly. Three groups of brackets on this plate mate with the missile
fins. Both the brackets and the fins are notched to receive 'Wedge
shaped keys. When'these keys are in place, the missile is securely
attached to the last stage booster. The keys are held'in place by a
strap arrangement held together by three turnbuckles, The turnbuckles
can be broken when desired by means of explosive charges stored in-
ternally.

When separation of the last stage is desired, an electric impulse
sets off the charges in each of the three explosive bolts or turnbuckles.
The tie band breaks apart allowing the wedge keys to fall out. The mis-
sile fins are then free to slide out of the intertie brackets.

A missile to booster connector more specifically adapted to the
ground launched technique was developed during this phase. The new
design, as shown in Figure 9, was of a faired conical construction
nine inches in diameter at the missile end and 18 inches in diameter
at the booster end.

The structure bolts permanently to the front end of the last stage
booster. The small end of the adapter mates with the missile rear
bulkhead. Separation is accomplished by an explosive filled groove in
the mating ring. When this charge is ignited, the ring is broken and
separation is achieved.

5. Second Stage Igniter

The Nike boosters which were employed for all stages on all Cree
test ._missions were supplied with standard M4 igniters. This igniter is
satisfactory for the first stage booster but in oi'der to be used for upper
stages, a time delay ignibion system must be added.

Such a systemn was developed and a schematic diagram is shown
in Figure 36. The system consists of a 30 volt battery s-rpply, a lan-
yard switch set to close at the first motion oi the missile and two pyro-
technic time delay switches in parallel.

Safeguards, such as a battery arming plug and an igniter shorting
plug, were ¾Ouilit into the oyl-:tcrm. In addition, the lanyard switcL. it'.,Af
provides a short across the igniter connections while in the safe position.
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Figure 36. Schematic Diagram - Second Stage Ignition System

Test points were provided so that the condition of the package could be
determined before actually connecting the igniter.

The system was housed in two containers, one of which was only
a battery box while the other contained the remainder of the circuitry.
The units were mounted on the missile to booster connector.

The system was placed in an operating condition by inserting the
battery arming plug, removing the igniter shorting plug and connecting
the igniter. When the first stage is ignited, by ground power, and the
missile lifts off the launcher and the lanyard to the second stage igni-
tion package is pulled. Pulling the lanyard opens one circuit, thus re-
moving the final electrical short across the igniter, and closes a second
putting battery power across the two pyrotechnic time delay elements
(TD-I and TD-2 in Figure 36). When the time delay elements have
burned through their preset time periods, the two time delay switches
are closed. The closing of either one of these two switches causes
battery voltage to be impressed across the igniter thus accomplishing
second stage ignition.

C.. Test Procedures

1. Preparation

The boosters which will be used on the test mission are built up
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in building 9Z70. Fins are assembled to the bottles and interstage

adapters mounted on the forward end of all but the last stage. At

some time before the scheduled launch time, loading of the boosters

on the launcher is accomplished. If the launch is to be a two stage

type, the first stdge igniter is installed prior to mounting of the

second stage. Once the second stage has been hung, the missile or

payload can be moved out to the pad.

The intertie structure which serves to attach the missile to the

last stage booster is already assembled to the missile. To accomplish

hanging of the payload, it is only necessary to install six bolts into the

front end of the Nike.

The electrical umbilical cable can now be inserted into the pay-
load. The connector is attached to a mechanical linkage so arranged
that the umbilical cable will be pulled free with the initial motion of

the missile. The two arming lanyards for the dual missile program-
ming system are also connected to the launcher so that they will be
pulled with missile first motion thus sta-rting the two programming
systems.

Other steps required to reach the "missile ready" point are:

(a) Installation of second stage igniter

(b) Removal of missile shorting plug

(c) Insertion of missile arming plug

(d) Checkout and connection of first and second stage booster

igniters.

2. Countdown Procedure

Prior to beginning the coutdown, all rocket boosters with igniters
installed, with appropriate safety circuits, are mated on the launcher;

the test item mated to the final stage;aand the launcher elevated. All

preliminary checks on the missile will have been accomplished and all
personnel will have left the launch pad.

The responsible personnel in the site A-i1 control room were the

Launch Officer - appointed by the Munitions Test (PGW) Director - and
the Controller - appointed by Cook Research Laboratories. The Launch
Officer maintained the countdown at site A-il, monitored the Mission
Circuit, determined the operational status of the test vehicle (from
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inputs supplied by the Controller), and fired the missile. Responsibili-
ties of the Controller included the checkout operation of the test item.

The actual countdown procedure at the launch site is as follows:

Time Responsibility Operation

T - 120 (min.) Launch Officer Check communications to:
a. A-159 (mission control)
b. Pad

Cook Coihtroller Check communication to:
a. A-6 'telemetry station)
b. A-13 (radar site)

T - 110 Cook Controller Turnontelemetryand check

T - 100 Cook Controller Turn on radar and check

T - 80 " Launch Officer Lower launcher

T - 70 Launch Officer Check all power to pad off

Cook Controller Remove shorting plug

T - 65 Cook Controller Install battery plug

T - 60 " Launch Officer Sound siren for armament
setup, Check CRL missile
power off.

T - 50 Launch Officer Check all radars off at
site A-I1. Complete
armament setup and raise
launcher to desired angle

T - 10 Launch Officer Advise mission control of
readiness to fire

T - 8 Launch Officer Firing circuit power on

T - 6 Cook Controller Turn on external power
a. Check telemetry

b. Check radar
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Time Responsibility Operation

T - 5 (min.) Cook Controller Record calibration fre-
quencies. Check telem-
etry signal strength at
A-6. Check radar signal
strength at A-13

Launch Officer Recheck firing circuit
continuity

T - Z " Launch Officer Close final safety switch

a. Turn tape recorders on
b. External calibrate

T - 105 (sec.) Cook Controller a. Switch radar beacon to
internal power
b. Switch radar beacon to
internal power

T - 60 Cook Controller a. Calibrate telemetry
b. Telemetry calibrate
ready
c. Radar signal good

ANY HOLD OVER ONE

MINUTE MUST RETURN
TO T - 6

T - 30 Cook Controller Check signal strength at
A-6. Advise Launch
Officer as to readiness

for firing

T - 15 Launch Officer Initiate programmer

T - 10 Cook Controller Turn on oscillograph

D. Data Reduction and Analysis

1. General

The final evaluation of any instrumentation systern can only be
based upon the authenticity of the results obtained from the system.

This section deals with the methods employed to obtain reliable
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calibrations of both telemetry and photographic response, and the meth-
ods used to reduce line traces on oscillograph paper (telemetry signals)
and photographic images of parachute performance into comprehensive
data. Howevcr, it must be noted that even the most diligently acquired
calibration and reduction procedures will not provide data when unfore-
seen instrumentation or missile performance difficulties arise during
a test event.

Effort was expended to reduce collected data on all tests where it
was assumed that there was even the slightest chance that such an effect
would be rewarded with success. Somne of the factors which contributed
Lu tihe problem wore as follows:

(a) Data Incomplete - one or more channels collected no data.

(b) Data Intermittent - one or more channels collected data for
only portions of the test.

(c) Frequency Shifts - one or more channels evidenced frequen-
cy shifts at such times as the various programming events were
occurring.

(d) Transducers - transducer range was exceeded by test con-
ditions, resulting either in loss of sensitivity or loss or record.

In some instances the above difficulties were resolved by applica-
tion of one of the following techniques:

(a) Using theoretical trajectory data to interpolate or extrap-
olate measured data

(b) Using contrave phototheodolite and radar data for velocity
and altitude where such data is available

(c) Correcting records for obvious zero shifts for that period
of time that the shift apparently was in effect.

2. Telemetry Data

Impact and static pressure and shock and drag forces were
sensed by bourns potentiomneter type pressure transducers and Cook
Research Laboratories' tensiometers. The output of the various sen-
sots were directed to one of four voltage controlled, subcarrier oscil-
lators, with center band frequencies of 14. 5 kilocycles, 22 kilocycles,
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40 kilocycles and 70 kilocycles. Transmission to ground facilities was
accomplished by a phase modulated crystal controlled transmitter.
The multiplexed subcarrier signals from the test vehicle were recorded
at the receiver outputs by an Ampex model 104 four track magnetic
tape recorder. Playback into the input circuits of four data discrim-
inators and a reference discriminator was achieved by a four channel
Ampex model FR 104 playback tape transport. Multiplexed FM data
were converted into voltage analog form to drive galvanometers of a
pho'trcraphic type Midwestern Instrument model 590'oscillograph.

a. Calibration

Static load calibrations of the missile instrumentation sys-
tem were performed previous to each test mission. Pressure
transducers were enclosed in a bell jar (vacuum chamber) and
subjected to a range of pressures simulating the expected test
conditions. The sensor response to a particular pressure was
induced into the missiles telemetry system. Subcarrier oscilla-
tor input voltage and output frequency were measured, recorded,
and plotted. Figure 37 shows a typical static pressure calibra-
tion curve. This data were obtained from a Bourns 0-2 lbs/in2

absolute transducer previous to test mission 31-4. Preceding
test parachute deployment is a three step sequential calibration
of all subcarrier channels. Electrical calibration steps of zero,
full scale, and fractional scale are executed by substitution of
transducer output with a voltage divider rendering equivalent
voltage to full scale and fractional scale, and by removal of the
dc input source to the transducer to obtain a zero reference.
After each test mission, the oscillograph recording is examined
and the electrical calibration deflections measured (in inches)
and recorded. The resulting deflections are plotted against elec-
trical calibration voltages measured before and after static cali-
bration (see Figure 37).

A hydraulic static loading xnechanism was devised to apply
simulated forces to the load link assembly (tenslometer, nylon
attachment loop, and parachute pin). Forces were applied in 10
equal increments to the rated tensiometer operational limit in a
direction parallel to the missile axes. The tensiometer response
to both load application and removal were recorded. The tensi-
ometer signal was fed into the telemetry system in the same man-
ner as the pressure transducer signals. The resulting calibra-
tion plots were similar in nature to those shown in Figure 37.

A three step zero, full scale, and fractional scale,
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40 4.0 sequential calibration of the tensi-

3. . ometer subcarrier channels was
3. 3. obtained by unbalancing the resis-3.6 -- -3.6

tance bridge, by substituting known
&.2 32 resistance values across one bridge

arm. Zero calibration was estab-3.0 3.0

". 2 lished by removing the excitation

voltage from the strain gage bridges.
--2.4 2.4

4 -- 2.4 b. Data Reduction

2 2 22 0

IL - Telemetry data were ob-

, Ie tained in the form of oscillo-
'1.6 1.4 graphic records. Appearing on
.4 1 1. each record were four data chati-

,.2 - ___ -1.0 nels, showing the response of two

"pressure transducers and two
.. strain gage bridges; one channel

.6 .6 showing telemetry signal strength;

"�"___ I . and three reference traces. A 100
. .2 cycle per second oscillation, super-

0 2 3 4 5 6 7 imposed on a pressure trace, and
SUBCARIER OSCILLATION INpUT- VOLTS the oscillograph timing lines (1/10

Figure 37. Typical Pressure and 1/100 second) provided a tim-

Transducer Calibration ing standard for data correlation.

Progressing from a time prior to missile launch, each

oscillograph record shows:

(1) ,Calibration sequence on external power

(2) Calibration sequence on internal power

(3) In-flight calibration

(4) In-air operate

(5) Test parachute deployment

(6) Recovery parachute deployment.

In addition, indications of programmed events (launch, second
stage firing, separation, etc.) are seen on the various data
channels.
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Data editing, at tbe test site facilities immediately follow-
ing test operation, provided explanations for data discontinuities
resulting from known electrical or mechanical malfunctions or
from unusual missile performance characteristics. Further, the
data channels were identified and instrument calibration deflec-
tions read. Preliminary test data were calculated for in-field
comparison with predicted performance values. The records
were forwarded to Cook Research Laboratories for final reduc-
tion.

The initial step of the final reduction program was a care-
ful check of the channel identification and data editing done at the
test site. All traces were inspected closely to determine the
actual time sequence of programmed events.

Data reading was accomplished manually with a 12 inch
special purpose scale graduated in 1/50 inch. Accuracy attained
would approach plus or minus 0. 005 inch.

The position of all data traces relative to a particular
reference trace (static reference trace, usually the uppermost
on the record) was measured during the missile coast period at
a time irniaediately before initiation of the calibration cycle.
This measurement was denoted as "Ao". Trace deflections at
three intervals during each of the calibration steps (50 percent
scale, full scale, zero) were measured from the same reference
trace and their values recorded as Acal". During the interim
between end of electrical calibration and test parachute deploy-
ment, sample trace displacements (Ao) and corresponding time
lapse from launch were recorded. If channel drift we-re apparent,
the rate of drift per unit time was calculated and would be used
later as a correction. In most cases where good test data were
obtained, little or no channel drift was evidenced. Data trace
displacements were measured at 0. 01 second prior to test para-
chute deployment, in the case of force channels, and 0. 01 sec-
ond prior to the pressure system safety valve opening, in the
case of static and impact pressures. Measurements (displace-
ment in inches from the uppermost reference trace) were taken
at 0. 1 second intervals from deployment to snatch and recorded
as ftAact" together with corresponding time lapse from deploy-
ment. Commencing with time of snatch, readings were made at
0. 02 second intervals until a steady state force condition was
attained usually by deployment plus two or three seconds. Dur-
ing this time, additional readings were taken wherever necessary
to show peak or minimum loads. Steady state performance
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measurements were taken at 0. 05 second intervals to deploy-
ment t + 5 seconds; at 0. 10 second intervals from t + 5 to t + 10
seconds; at 0. 5 or 1.0 second intervals from t + 10 seconds to
recovery parachute deployment. All measurements of force and
pressure channels during the test interim were recorded as

A1actt 
*

To develop measurements from a reference trace into
usuable calibration data, the data trace displacemient (Ao)
immediately prior to initiation of the calibration sequence was
subtracted from the various calibration deflections (AcaI full
scale, A cal zero) to yield 8 cal which represents galvanometer
response to a known electrical unbalance (see Fig. IV-37). A

similar procedure was applied to attain usable force and presswire
deflections (Bact). That is, the data trace displacement (A 0 )
immediately prior to test parachute deployment was subtracted
from all values of A act. The resulting deflection (Bact) repre-

sented the galvanometer response to an unknown electrical un-
balance created by the test environment. Since the calibration
shows that a similar unbalance. will occur as a result of particu-
lar voltage input to the subcarrler oscillator, the test data
deflections (8 act, in inches) can be converted into voltage input
to the oscillator, or voltage output of the sensor. Following is
a typical procedure by which static pressure was attained (im-
pact pressures and forces are determined in a similar manrner)
Assume the measured galvanometer deflection 8 act (Zkact - 6o)
to be 1. 17 inch. Using the 8 curve of Figure 37 it can be seen
that a corresponding subcarrior oscillator input voltage is Z. Z.
From the P curve of Figure 37, an cqliivalent static pressure
of 0. 88 psi is obtained. By entering the calibration curve with
each galvanometer deflection, any nonlinearity of the calibration
will be accounted for. The static (or ambient) pressure was
converted from pounds per square inch to millibars and the cor-
responding altitude found in the meteorologiral data measured on
shot day. TI: was found that an ambient 0. 88 pounds per square
inch existed at an altitude of 64, 100 feet - peak altitude attained
during mission 31-4.

With measured impact and static pressures and Rayleigh's

pitot tube formula (Reference 4),

Hi 2• +_1__ M°______
Po Z 0° _2,_ M _y-

W T4z M 3
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where
Hi = Pitot pressure (behind a detached shock)
PO = Free stream ambient pressure
Mo = Free stream Mach number

"Y = C/cv
= Specific heat of dry air at constant pressure

Cv = Specific heat of dry air at constant volume

free stream Mach number was determined.

3. Film Data

High speed (200 frames per second) film coverage was provided

during each test mission. A Fairchild Model T-TS100 16 mm camera

equipped with 13 mm, f:l. 5 wide angle lens was focussed through the
aft bulkhead of the test missile. Coverage was initiated immediately
prior to parachute deployment and provided photographic documentation
of parachute performance. In order that a comparison of camera film
and telemetry data could be made, the 100 cycle per second oscillator,
which provided a time standard for telemetry data, also provided a 100
cycle input to the camera timing light. Thus, the margin of each film
record was marked at 1/100 second intervals. This method of data

acquisition, though providing the most dramatic results, is considered
to be the least reliable of the two methods used since it depends entirely
on recovery. When recovery is realized, the accuracy of data obtained
is largely dependent on the presence of timing marks - there is no ac-
curate backup reference such as oscillograph ti-ning lines -- to aid the
data analyst in his evaluation of the record. The following subsections

will define the method by which film calibration is provided and the
method by which inflated area and parachute oscillation are obtained.

a. Calibration

A calibration of the Fairchild camera and lens was accom-

plished prior to the field test operations. The camera was mount-
ed in a missile. Two seven foot crossed poles (calibrated at one
foot intervals) were located 10 feet aft of the missile with the inter-
section point of the poles and the missiles centroidal axis coinci-
dent. Calibration pictures were taken. The operation was re-

peated with the poles placed 20 feet aft of the missile. The film,
when projected on a screen or data. reader, would furnish an
image calibration (that i•, x inches of image length would be
equivalent to one foot of pole length) such that projected film ex-

posures of any other object (for example, a parachute) that was
at a distance of 10 or 20 feet from the camera could be measured
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directly. The same projector placed at a fixed distance from a

viewing plane must be used for observing both calibration film

and parachute test film. Since it is unlikely that a deployed test

parachute will be operating at exactly 10 or 20 feet aft of the mis-

sile, a correction was applied which would in effect bring the

calibration poles into the plane of the test parachute.

b. Data Reduction

A specially constructed reading table'(see Figure 38) was

used to reduce film data. The photographic image was projected

by a Bell and Howell film analyst horizontally to a front surface

mirror fixed at 45 degrees to the projector axis and reflected

vertically to a frosted glass panel in the table top.

With the ZO foot cali-
bration film in the projector, D

the pole graduations (one foot)
were measured in inches to
determine the projected im-

age length relative to the pole
length (x inches image length
per seven foot of pole length

The projector was moved

fore and aft until an image- Figure 38. Film Data Reduction

to-pole ratio of one inch to Table
one foot was attained. Thus,
the projected image of any object photographed with a Fairchild
camera equipped with a 13 millimeter wide angle lens could be

measured in inches, readily converted to feet, and later corrected

for the difference between the calibrate distance of Z0 feet and the

distance of the object from the camera.

Following is the procedure used to reduce the camera film
of typical test mission:

(1) Projected image calibration was obtained for camera

subjects at a distance of 20 feet as mentioned in the preced-
ing paragraph.

(2) Without moving the projection equipment, the change
was made from calibration film to test film.

(3) The film was projected at slow speed; significant events
and general over-all parachute performance noted. Camera
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speed was calculated by noting the film frames per timaing

mark interval at various times throughout the test.

(4) The film was run through again and the precise instant

of test parachute deployment determined. The camera was

activated prior to deployment, but because of the pa'achCute

package's location at the aft end of the mi.ssile, no light was

allowed to enter the camne.ra compartment and no film was

exposed. At the instant of deployment, light enters the com-
partment and distinctively marked frame number one of the

test film sequence. The projector was stopped at deploy-
ment and the frame counter set to zero.

(5) Film was advanced mranally until parachute snatch

was seen to occur; the corresponding frame number was

recorded.

(6) Film was advanced manually from snatch until evi-

dence of parachute opening was observed and the corres-
ponding time recorded.

(7) Film was again advanced manually until the parachute
attains an inflated shape. The projected area of the test

parachute was measured with an Ott planimeter and recorded
as "Sp'" in square feet (image calibration was one inch square

= one foot square). Position of the parachute relative to the
left and bottom edges of the film fralmies was recorded as
Axo and A YO measured in feet.

(8) Film was advanced, area and position were measured
at four frame intervals through the time of parachute's full
open (maximurn. load). Canopy position was recorded as Ax
and Ay. Corresponding frame numbers were recorded.

(9) The remaining record was read at time intervals sim-
ilar to those used in reducing telemetry data.

(10) Data available at the conclusion of the film reading
operation were: time-histories of uncorrected projected
areas (Sp'), and parachute deflections A. and A Displace-
ments ( Ax A• - Axo and = Ay - Ayo) of the parachute
froM. its zero position (determnined In itrn (7) above) were
calculated and resolved into an absolute displacement, 0'y.

(11) Both projected areas and absolute displacemlents
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were corrected for the difference between the calibrate

distance (d') and the distance of the parachute from the

camera (d) by multiplying Sp' by (d/d')Z and xy by (d/d').

Absolute displacement, expressed in feet, was converted
to angular displacement (or oscillation angle) expressed in.
degrees).
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SECTION V

DISCUSSION OF TEST RESULTS

A. General

The field test program of Phase IV of the subject contract consisted of
a total of five test missions. All tests were of the single-missile ground
launch configuration. The first mission (28-1) utilized a single booster stage
while the remaining four missions employed two booster stages. Theoretical
missile performance for the two basic launch configurations is presented in

Figures 39 and 40.

All missiles were instrumented to collect data. However, the degree
of data acquisition successfully accomplished during the test program varied
significantly between the various missions. The collected data were spread
throughout the test regime as illustrated by Figure 41. It should be noted that
Figure 41 also includes the 29 data points collected in Phases I and II, thus
making a total of 34 points.

Physical details of the parach...ute types teLsed through Phase IV are pre-
sented In Table 3. All parachutes were designed in compliance with Refer-
ences 5, 6 and 7.

Data collected during Phase IV consists of:

(1) Missile performance information

(2) Parachute performance information.

These are sumrnarizei hn Table 4 and presented graphically in Figures 42
"through 58. Missile performance (altitude, velocity, Mach number, and dy-
namic pressure) information was derived from tracking data obtained by
contrave phototheodolite, by MSQ 1-A radar, by FPS16 radar, and by re-
duced telemetry data. Drag forces, where available, were obtained by
reduction of telemetry data. In all cases drag coefficients presented were
calculated on the basis of parachute design surface area, S,.

B. Missile Performance

1. Test Mission 28-1

This mission was intended to be a shakedown type test and as such
a mininiunm range trajectory was obtained by utilizing only oine stage of
boost and a single 800 pound missile. Figure 42 comnpares the predicted
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4 -- and actual trajectories, obtained
I5 IT from reduced contrave phototheo-

3R - - PREDICTED TRAJECTORY dolite and radar tracking data,
30 -CU AID)Y for a missile launched from an

32 angle of 79 degrees. Contrave
So coverage from launch to t + 3. 5

so seconds indicated close agree-
o 20.0 ment between the missile track
26 I 4r10so

524-15o -8and predicted trajectory. Burn-
90C out occurred at t + 3. 5 seconds

ý*: I2 "-_at an altitude of 4, 013 feet and
20 ---- TEST POI.T - --

n Is / 6oo ~velocity of 2, 229 feet per second.
t No radar beacon signal was oh-" tained; however, a radar skin

4 1 track was established at t + 20

12- 1 seconds and maintained through-
to I RDR000

s RADAR 2 out the remaining flight time.
" 2- 0 [ I The recovery sequence was

1 I initiated at t + 28. 5 seconds with

4_ 280J- I - 5 deployment of an eight foot diarn-
2[2.5 Sac.. I I I I eter FIST ribbon recovery pai-a-

62.0 1 •,MPACT 250 51C. IMPACT88 .s. chute. As can be seen from
0 5 10 I6 20 25 0 33a

RANGE KILOFEET Figure 42, a considerable differ-

ence between actual t r a c k and
Figure 4Z. Predicted and Actual Tra.- predicted trajectory exists. This

jectorites for Cree Mission variation from the predicted is
28-1 most evident during missile coast

time (time after booster burnout
and separation) and especially during descent at equilibrium velocities
with recovery system deployed. The greater range attained d u r i n g
missile flight can be wholly aLr-ibuAed to drift created by excessively
high wind velocities. Wind speeds aloft taken from meteorological data
measured at noon on 10 March 1959 (shot day for test mission -8-1) are
presented graphically as a functionL of altitude in Figarc 43. The wind
speeds in all probability changed somewhat during the timec i nt e rr - a!
from noon to shot time (2:00 P. M..) but for purposes of discussion her-
in any change is ignored. Gonsider the flight time interval L + 100 sec-
onds to t + 150 seconds of Figure 42. The predicted trajectory show s
the missile to be in vertical descent while actually the missile has tra-
velhed 4, 280 feet in a horizontal directinn while descending fron1 an al-
titude of 22, 863 feet to an altitude of 16, 122 feet or 6, 741 feet. Between
these altitudes, it can be seen from Figure 43, the average wind velocity
was approximately 90 feet per second. The resulting calculated drift
would be approxitmately 4,500 feet which is in close agreement with the
actual value.
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Figure 44 displays missile
performance data for Cr ee test300-- - mi s son 28 -1. Shown are tim e -

280 NOTE. 00 hi story plots of altitude, velocity,
2I AO B MmTOROLOGICoLware 

time

o DATA IAKN N A'B --OR dynamic pressure, and Mach numberE.I AFFLORIDA0

240 1200_ _R from launch to water impact (t + I88
2200 seconds). These represent data

,200- 00 accumulated by contrave and radar
I80 skin tracking and by the telemetering
IS0 of measured static and dynamic pres-

,M40 ° - sures. As explained earliker,
120 0 _ contrave phototheodolite tracked for
10o -- the initial 3. 5 seconds and radar skin
80 0 track wao established at ZO seconds
60-- -- 4- and maintained to water impact. How-
40 ever, the radar data obtained during
21 0 the interval of t+Z0 to t+60 seconds

"O I ,I I 1 -, ... proved to be very erratic and0 0 20 3,0 40
ALTITUDE 0 KILOFEET consequently of little value.for purposes

of data presentation

F-igure 43, Wind Velocity vs Altitude
Dur-ing Cree Mis ion 29- 1 On Figure 44 the missile per-

formance data obtained from telem-
etry records are shown with dashed lines. Missile altitude was deter-
mined from recorded static pressures and corresponding pressure
altitudes obtained from meteorological data taken on shot day (10 March
1959). Rayleigh's pitot tube formula, Reference 4, and measured im-pact and static pressures were employed to ascertain s up er s o n c

free stre am Mach number while subsonic pressures were corrected
for compressibility of air and used to determine the lower fre e
stream values. To calculate missile velocity corresponding Mach
numbers were multiplied by sonic velocities at test altitudcs. The s e
sonic velocities were analytically determined from amnbient tempera-
tures appearing on the meteorological records. Impact pressures in
F igure 44 are a direct representation of the recorded values; no correc-
tions were applied. Further investigation of the performance plots will
show that altitude and velocity derived from radar skin track have been
presented in their entirety, thus showing graphically the differ enc e
between the radar measurements and the telemetry data during the time
interval of t + 20 to t + 63 seconds. The altitude data, while reasonably
smooth, shows evidence of a searching or homing-in process during the
earlier tracking stages. This phenomenon was effectively demonstrated
in the excessive data scatter apparent in the time history of velocityfrom
t + 10 to t + 60 seconds. At approxitfately 60 seconds the almost randorn

oscillations in velocity resolve into a sinusoidal oscillation of decaying
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amplitude and frequency. The portion of the velocity curvu shown dcitr-.

ing these times represents average values only and does not reflect

sudden velocity change such as atthe timne of recovery parachute deploy-
ment,

Telemetry static and impact pressure data a•e available for ap-
proximately 53 seconds (from t 4 10 to t + 63 seconds) of the total flight
time. At t + 63 seconds the signal became indistinguishable. Inspection
of the velocity, impact pressure, and Mach number profiles shows in-
flection points at t + 27. 5 seconds (recovery parachute deployment) and
rapid decay to new equilibrium conditions. Both impact pressure and
Mach number derived from telemetry data agree very well with radar
results at t + 63 seconds.

Peak altitude attained during Cree test mission 28-1 was 33, 400
feet; total flight time was 288 seconds.

2. Test Mission Z9-Z

Cree test mission 29-2 represents the first attempt, under the
subject contract, to obtain high Mach, high altitude test points
by utilizing a two stage Nike booster, ground launched configuration. A
single type III (800 pound) missile was used.

During this mission the following boost sequence was progratnned
to provide a Mach 1.-5 condition at an altitude of approximnately 66, 000
feet:

(a) Launch, first stage ignite

(b) First stage burnout at t + 3. 5 seconds

(c) Coast, both stages, to t + 11 seconds

(d) Second stage ignite at t + 11 seconds

(e) Second stage burnout at t + 14. 5 seconds

(f) Second stage separation at t + 15 seconds

(g) Payload coast to t + 43.09 seconds (test parachute ejection).

These firing conditions would have provided a normal two stage trajec-
tory. However, during the launching operation, premature ignition of

the second stage booster occurred at approximately O + 50 rnilliseconds.
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Separation of the stages occurred almost immediately and second stage
and missile proceeded on a nearly normal trajectory.

Neither contrave phototheodolite nor radar provided usable mis-
sile's performance data. Contrave tracked from launch to t + 1 second.
Radar tracked the missile beacon for the first five seconds, and skin
tracked until t + 63 seconds when the beacon was again received. Inter-
mittent beacon operation occurred thereafter resulting in a partial tra-
jectory. All radar data received was exceedingly erratic. Due to the
premature second stage firing and resulting low altitude operation, the
pressure range of the static transducer was not reached and ambient
pressures were not recorded. Thus test altitudes were unobtainable.

Attempts were made to compute a post test trajectory using photo-
theodolite data for the first second, to establish initial flight conditions,
and theoretical inputs up to test parachute deployment. From this point
on, the impact pressure and para-
chute drag force were known and I 1 I
the trajectory could be continued 40 1.3• 5

to impact. The post test plot 40 go,:i

shown on Figure 45 is represent- • I, POST-TEST

ative of the trajectories resultingi 20 i '15

from this approach and is shown / 1 - 200

here for illustrative purposes. 2" -'-'- -H
Both the peak altitude attained <30

and the total flight time indicated /LL
on the predicted post test trajec- 0. fI __IMPACT 411.34 3EC

toryare expectedto be over- 0 2 4 6 8 10 12 14 16 18 20 22 24 26 Z8

conservative, but the general RANGE- KILOFEET

profile of the actual flight should Figure 45. Predicted Trajectory for
be somewhat similar in nature. Cree Mission 29-2

With the exception of the static pressure data, which measured
full scale during the entire flight, excellent telemetry data were ob-
tained on this test. The initial impact pressure, at time of test para-
chute deployment, was found to be 266 pounds per square foot. A time-
history plot of impact pressure will be presented later in this section
together with the parachute performance obtained during mission 29-2.

3. Test Mission 30-3

A fully instrumented type I11 (800 pound) missile was assembled
with two stages of Nike boosters and launched from an angle of 79
degrees. The anticipated test conditions were to be Mach 1. 5 at an
altitude of 66, 000 feet. Figure 46 shows the predicted trajectory to
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the time of test parachute deploy-
,10 Tment. Actual launch was observed

... PREDICT'ED TRAJECTO•RY
(NO WIND) to be smooth and normal. Fi r s t

__ - -- ACTUAL TRAJECTORY stage burned evenly and s o m e

rotation was noted. Burnout of
so the first stage at t + 3.4 seconds,

70-PREDICTED TEST PoINT ignition of second stage at t + 8. 8

43 seconds, and burnout of second
140 stage at 12. 2 seconds occurred

, as programmed. The actual

trajectory also presented in

a 30p o.o Figure 46 shows reasonably

0.0 .0 close agreement with the predicted

24 -1 200. - for the initial 38 seconds of flight.

SCO.,,vIE I.RjAA Contrave phototheodolite intermit-

S18.5 250.0 tently tracked the missile during

Io •_o3.0 this time interval yielding data
20300. from launch to t + 1Z. 2 seconds,

00,12.2 350.0 from 18.5 to 19.4 seconds, from

10K SOC o400.0 24.1 to 25.0 seconds, and from

, 450.0 S*c. 30. 0 to 38. 0 seconds. The con-
0_, _ _IMPACTn43' ' I 47.01

10 20 30 40 50 so TO trave trajectory at launch and 38,
RANGE-KILOFEET seconds showed the missile to

Figure 46. Predicted and Actual have attained an altitude of 54, 239

Trajectories for Cree feet. Time-history plots of mis-

Mission 30-3 sile performance (Figure 47) showed
the velocity, Mach number, and

dynamic pressure at t + 38 seconds.to be 1, 198 feet per second, 1. 1,

and 250 pounds per square foot, respectively. Though the beacon was
functioning intermittently, limited data were obtained. However, radar

skin track was established during descent at an altitude of 46, 000 feet

(t + 153.0 seconds) and maintained to water impact and yielded the re-

maining data of Figure 47. A strong telemetry signal was recorded, but

both pressure channels remained at 100 percent calibrate position and

pressure data were not recorded. Total flight time was 473.0 seconds

and missile impacted at a range of 53, (TOO feet.

In addition to the reduced contrave phototheodolite and radar data

(shown as solid lines in Figure 47) analytical values (dashed lines) are

presented to show missile performance (altitude, velocity, dynamic pres-

sure, and Mach number) at the time of test parachute deployment. Dy-
namic pressure presented in the three aforementioned figures are based

on free stream conditions. To obtain velocities, Mach numbers, and a -..

dynamic pressures at time intervals when contrave data were unobtain-

able (i.e., 12.0 to 18.5 seconds, 19.4 to Z4. 1 seconds, and 25.0 to 30.0
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seconds) the following procedure was adopted:

(a) Since the altitude profile is usually a curve of gradually

changing slope and free of inflection points and since the contrave

altitude data (where it existed) were comparatively smooth, the

missing segments of the curve were filled in by maintaining the

previously measured change in curve slope. This method was

also used to extend the altitude data to the time of test parachute

deploym ent.

(b) To attain analytical values of missile velocities where mea-

sured data were not available, distance traveled during var io u s
time incre-ments was determined from the altitude curve of Figures
46 and 47 and the average velocities calculated.

(c) Thus, knowing both altitude and velocity, dynamic pressure
and Mach number were determined with the aid of meteorological
data (air density and ambient temperatures at altitude). taken onthe
shot day. From Figure 47 the missile performance at the time of
test parachute deployment (t + 42. 94 seconds) was:

Altitude - 59,000 ft

Dynamic pressure - 135 psf

Velocity. - 1,015 fps

Mach Number - 1.075

4. Test Mission: 31-4

The missile launch configuration for mission 31-4 was identical to
that used during the previous mission, i. e. , 800 pound payload with two
stages of Nike boosters and launched from an angle of 79 degrees. Rela-

tively severe test requirements necessitated test parachute deployment
at t + 3Z seconds; missile altitude and Mach number were to be 50,000
feet and 1.87, respectively.

Launch appeared normal to personnel in attendance; however,
flameout was noted at less than one second after ignition. Investigation
of the contrave phototheodolite trajectory, presented in Figures 48 and
49, shows that first stage thrust was maintained for a full 3.4 seconds.
The remainder of the boost phase progressed as programmed with eec-
ond stage ignition at t + 8.5 seconds and burnout at t + 11.9 seconds.

Second stage separation occurred at t + 1Z. 3 seconds. Presented in
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p

Figure 48 for comparison pur-

poses is a predicted mi s sil e P DCTED TEST PO,.
trajectory for times to test e s-t
parachute deployment. Com- -1---

parison of actual and predicted '- P0I

trajectories shows no loss in 45 .'

I --- PREDICTED, TRAJECTORY
performance as a result of the 40 WIND)

observed flameout during first 4  
- ACTUAL TRJC

stage boost. Deviation from / _

the predicted track can be 5/ Ism.

partially attributed to weather - . 70.4J170.

cocking due to eight knot sur- " t
face winds from a direction of Z. 0

w / 2004
approximately 300 degrees. The • ; -

effects of the surface winds and
winds aloft to an altitude of 20 - t 20

18,000 feet is further evidenced f

during descent by a drift of 1,300 /I 2f

feet. / 300.4

10 CONTRAVE RADAR
of ,dI9.O

Time histo-ry profiles of -//j350.,

missile performance data taken i
during mission 31-4 arepresented 1 " iI3.,3

in Figure 49. Shown on an ex- 0 5 10 15 ZO 25 30 5

panded time scale are reduced RANGE I KILOFEET

contrave data of altitude, velo- Fi-ure 48. Predicted and Actual Tra-
city, free stream dynamic jectories for Cree Mission
pressure and Mach number to 31-4
t + 12. 8 seconds where photo-

theodolite track was lost. Radar skin track of the missile was established
during descent at an altitude of 32, 3Z6 feet and maintained to water impact.
The resulting radar data however, possessed scatter and the curves of

Figure 49 are an average of measured values. The radar beacon did not
function at any time during the mission. Altitude, velocity, dynamicpres-
sure and Mach number at second stage burnout were 1Z, 604 feet, 2, 764
feet per second, 5, 837 pounds per square foot and 2.53, respectively.

Telemetry records indicate good static pressure, but no impact

data, from time of test parachute deployment through the time of
recovery parachute deployment (t + 58. 4 seconds). From the measured
static pres sur es, a time-history plot (Figure 50) of altitude
was constructed utilizing pressure altitudes from meteorological data
obtained prior to launch. Actual missile altitude at the test point wa s
49, 100 feet.
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- A favorable comnparisonof
7-.. n iissile performance exists between

-5 - - -- tests 3 and 4. For example, at sec-
g0 -0ý 0! ond stage burnout the performance
"55 ---- of the ve.hicle during test 4was

appro•dmately 95 percent of corres-
4o _ - - ponding values for test 3.

"3 -TELEMETRY DATA 5. Test Mission 32-5
S30 ESTIMATED

/""5 A fully instrumented type IYJ
20 (800 pound) was launched from an

,- angle of 79 degrees with two stages
0 , -of Nike boosters. The anticipated

-- -- test altitude and velocity were to be
0 a 10 1 2 2 L0 5 50,000 feet and Mach 1.87. Fir s t0 0 t O ISl 20 25 30 35 40 4.5 DO 55 60 65

TIME, SECONDS stage booster functioned normnLally.
However, observes at the test site

Figure 50. Altitude vs Time noted late ignition as well as rough
for Cree Mission and uneven burning of the s e c o n d
31-4 stage booster. investigation uf the

cont & av e jhotfllcdlt an rd

beacon trajectories during boost
substantiated the late ignition. PREDICTED TRAJECTORY

Little data evidence is available 26i g,,01

that indicates intermittent burn- ACTUAL TRAJECTORY

ing of the second stage, but ex- RA ARý * IIO.
1 Go .. It -0-

cessively long burning was noted. . RD.C._8__ _

Figure 51, a comparison of pre- a. 90.640. .1

dicted and actual trajectories, 6- b
4 ru TEST p0 NT

shows graphically that the actual -DI-T-ED TEST POINT

missile performance exceeded 5] 2----
-~ftanticipated p erfornta nce by 0

20.98attaining a test altitude of 54,300 40o 1 200--

feet rather than 50; 000 feet at I 0

v- 0.9z.

t + 32 seconds. Drift durilg 050..7 2 7

descent is quite evident and 00 AA

resulted from six to 19 knot 20

winds from approximnatuly 250
degrees. Radar beacon tracl to ,0
was maintained from launch to 4: I0.7.

0 i - IMPAC 491.7 Of0
t + 103. 6 seconds. Radar skin o 2 10 Do 40 o . 0

tracked from t + 177. 7 seconds -ILOFEFT

to water impact at t + 491.7 Figure 51. Predicted and Actu;a.
seconds and a range of 31, 700 Trajectories for (;reu

Mission 32-5
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feet. Contrave phototheodolite tracked from launch to t + 72. 8 seconds.

Telemetry functioned to peak altitude; however, usable pressure data

were unobtainable.

Figure 52 presents time-history profiles of altitude, velocity, dy-

namnic pressure, and Mach number on an expanded time scale to t + 60

seconds and a compressed scale from t + 60 seconds to water impact.

Missile performance at first and second stage burnout was obtained from

reduced radar beacon track while the remaining portions of the curve s

r ep r e s ent data accumulated by both radar and contrave phototheo-

dolite. First stage burnout occurred at t + 3. 5 seconds. Second stage
ignition and burnout were estimated at t + 10 and t + 14.5 seconds, re-

spectively. Radar beacon tracking records were obtained at 1. 0 second

intervals; thus the booster burning time presented m.ay be slightly long.

Total boost time of the second stage was then approximately 4.5 seconds,

and would provide a possible explanation for the higher than anticipated

performance as evidenced by Figure 51. At second stage burnout, an

altitude of 16, 889 feet, a velocity of Z, 970 feet per second, a dy-,namic
pressure of 6, 059 pounds per square foot, and a Mach number of Z. 75

were attained. Satisfactory Ltet pa.rachute deployment at t + 3z seoconds
,w.. ..a-s -'-- by •inl-tio-qn in f-the -el-ocitv, dynamic pressure, and

Mach number curves. At the test point missile performance was as
follows:

Altitude - 53, 800 ft

Velocity - 1,670 fps

Free stream dynanmic pressure - 530 psf

Mach number - 1. 83

G. Test Parachute Performance

During Phase IV, tests were conducted on four parachute types. These

were: a 30 degree conical ribbon with a 4.03 foot nominal diameter; a FIST
ribbon Project Mercury drogue parachute with a 6.0 foot nominal diamoter;

a 10 percent Equiflo ribbon with a 4. 03 foot nominal diameter; and a 10 per-

cent extended Hernisilo ribbon with a 4. 12 foot nominal diameter. Typical
gore layouts are shown in Figure 53. Data were gathered for all parachute

types except the 30 degree conical. This data, however, varies in scope for

each test itemi and is in no instance considered to be complete. In the follow-
ing subsections, each parachute type is discussed separately.
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300 CONICAL GORE ASSEMBLY FIST RIBBON GORE ASSEMBLY

i0

0

U z

0 m0
UU

10% FULL 10% FULL
EXTENDED EXTENDED

SKIRT SKIRT

EQUIFLO GORE ASSEMBLY HEMISFLO GORE ASSEMBLY

Figure 53. Typical Test Parachute Gore Layouts
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1. Ten Percent Equiflo Parachute

Two test missions were init'ated to determine performance char-
acteristics of a 4. 03 foot nominal diameter Equiflo ribbon parachute.

The test point for the earlier test (mission 30-3) was to have been Mach
1.5 at an altitude of 66, 000 feet with a dynamic pressure of 190 pounds
per square foot. Under performance of the missile yielded an extrap-
olated test point dynamic pressure of 135 pounds per square foot. A
strong telemetry signal was received and good force data was recorded.
Missile camera filmwas obtained for approximately ZO seconds.
Throughout the time the parachute canopy appeared to be stable and
exhibited little breathing or flutter; inflation was noted to be somewhat
prolonged. The instantaneous area ratio and the parachute displace-
ment angles together with drag forces are presented as a function of
time lapsed from deployment in Figure 54.

Area ratio (Sp/So) was de-
rived by measuring the canopy's -.-

Inflated or projected area, shown 2 -

on photographic records of the M 0.4--

test, and by comparing these
with the nominal, or flat, para- i I
chute area. A flat parachute
normally inflates to a diameter 2 A
which is two thirds of its nominal 3Z 6 -,diameter; thus the ratio of inflated 80-•-- 4! 1!
area to nominal area becomes A..
(2/ 3)2 or 0. 445. This value of KRDUTi
area ratio is then representative IAMETER 4.03 FT

of a theoretical 100 percent in- - AREA 13.0 FTZ

flation. For an Equiflo, a flat RO- - - - - -

ribbon parachute with extended --O_
skirt, (Sp/So) could be expected
to be somewhat different. -Cose ivstgio of th--20
data presented in Figure 54 im-
parts reasonably complete para- _

chute performance information. 0 1 2 3 5 7 9 It 13 ,5 IT 19 21

It can be seen from the force
profile that a 300 pound snatch Figure 54. Parachute Test Data vs
force occurs at deployment plus Time for Cree Mission
0. 25 second. The time from 30-3
snatch to initial opening shock
(tf) for a flat ribbon parachute can be expressed by:
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=1Do (from Reference 8)

Vf =Vs-0.2

where :

Do= nominal diameter of the parachute

Vs velocity at time of snatch

o- = density ratio.

Assuming the above expression to apply equally well to basically similar

Equiflo parachutes, the theoretical filling 'inue would be:

tf = 12 x 4.03 = 0.0758 second
1015 x0.098770(,

However, line twist as evidenced by film coverage resulted in a delayed
ope•ing timne of 1. 88 seconds; notice should be taken of the fact thatwhen
canopy opening is initiated (at deployment plus 2. 1 seconds) a very short
time was expended (0.05 second) during inflation. The measured open-
ing force was 665 pounds. Since time-histories of static and impact
pressures were unobtainable, drag coefficients could not be determined

directly. However, estimates of the drag coefficient at the time of full
open force can be ascertained by using the extrapolated dynamic pres-
sure of 135 pounds per square foot (from Figure 47). This was found.
to be 0. 379. Instantaneous area ratio at the corresponding time was
0.40. Increase in area ratio is evident for approximately four seconds
where an average value uf Sp/SO was 0.480 and represents 100 percent
inflation. It has been found during earlier testing (during Phase I1, the
results of which are presented in detail in Reference 8) that vwhen the in-
flation of a flat ribbon parachute is between 75 and 100 percent, the drag
coefficient varies almost linearly with area ratio. If this premise is

assumed to hold time in the case of Equiflo ribbon parachutes, a steady
state drag coefficient of 0. 455 results.

Figure 55 shows a series of views of the 10 percent Equiflo ribbon

during deployment and opening.

A second test (mission 31-4) at an altitude of 50,000 feet and Mach
number of 1. 87 provided no additional data on the performance of a 10
percent Equiflo ribbon parachute. A type tIB (higher strength) modifi-

cation of previously tested parachutes was used.
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S Jm
32 332 340

51 335 341

8336 342

62 337 343

65 333 350

68 339 600

TIMES SHOWN ARE FROM START OF DEPLOYMENT
CAMERA SPEED IS APPROXIMATELY 200 FRAMES PER SECOND.

Figure 55. Equiflo Parachute Inflation Characteristics
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A good telemetry signal was obtained for about three minutes;
however, the only data resulting was static pressure. Since the test
vehicle was not recovered, no onboard film record was acquired.
Telemetry recor show evidence of test parachute deployment at the
proper time but no conclusions can be drawn concerning performance.

2. FIST Ribbon

During Phase IV (mission 29-2) a 6.0 foot diameter FIST ribbon
Project Mercury drogue parachute was to be tested at Mach 1. 5 and
66, 000 feet. Premature ignition of the second stage resulted in a much
lower test altitude. No reliable records of actual missile trajectory
were obtained, and ambient pressures at test altitude exceeded the
range of the static pressure transudcer. Excellent tlemetry signal
was received and good measurements of drag force and impact pres-
sure recorded (see Figure 56).

300

- - -- - - -~The two force channelsS| were in almost exact agreement.

-20- jSnatch force was 200 pounds and
J -occurred at 0.97 after deploy-

ment. Therefore, filling time
- was 0. 13 second. Drag force

o Lreached a valu.e of 840 pounds
at deployment plus 10 seconds

IST RIBBON where it remained until the end
O0r6FT of the record 23 seconds later.

Withcut records of static pres-
,12o00- - - - sure, altitude could not be de-

1000____ termined and the parachute drag

-,.o47 - coefficient could not be calcua.ted.
I - Investigation of the drag force

- ~ ..L -profile would seem to indicate
200 -that test parachute deployment

0I - had occurred during ascent but
LJL I . very near the peak altitude and

0 4 .8 1.2 1.6 6 10 14 I8 22 26 30

TrME -.SECONDS that by deployment plus 10 sec-
onds descent had begun. At

Figure 56. Parachute Test Data deployment plus 28 seconds,
vs Time for Cree the impact pressure reached a
Mission 29-Z steady state value of 68 pounds

per square foot indicating that
the missile had decelerated to an equilibrium velocity. The force level
at this time was 840 pounds. Though velocity was not measured, it can
be safely assumed to fall within a Mach number of 0. 6. The ratio of
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compressible to incompressible dynamic pressures (qc/qinc) could then

be expected not to exceed the limits of qc/qinc = 1 (at Mach number =0)

and qc/qinc = 1. 1 (at Mach number = 0.62). Thus, for an average value

of qc/qinc (= 1.05) the free stream dynamic pressure was found to be
64. 7 pounds per square foot. The resulting subsonic drag coefficient
would not be less than CDo = 0.437 nor exceed CDO = 0.482 with an

average value of CDo = 0. 459.

3. Ten Percent Extended Hemisflo Ribbon

A 4. 12 nominal diameter, 10 percent extended skirt Hemisflo
ribbon parachute was tested during the final mission (3Z-5) of Phase IV.

The planned test point conditions were attained, parachute was deployed
at an altitude of 53, 800 feet and velocity of Mach 1. 83. Reliable radar
trajectories at test altitude show evidence of satisfactory test parachute
deployment at t + 32 seconds. Telemetry functioned through parachute
test but no usable data were acquired. Camera operated for about
seven seconds, yielding approximate time-history profiles of area ratio

(Sp/So) and parachute oscillation (see Figure 57). Malfunction of the
timing light or 100 cycle per second oscillator resulted in an absence
of timing marks on the film record. 1 --

Investigation of Figure 57 .4

shows that the area ratio increases " [_
from an initial value of 0. 30 (at ap- o . I
proximately deployment plus 0 . 2 I_ _

second) to 0. 34 at deploymentplus 2 I
4. 4 seconds where steady state para-
chute perfornance is attained. Area .1

ratio was derived by measuring the
canopy's inflated or projected area to
shown on photographic records of ,
the test and by comparing these to
the parachute's nominal area of
13. 33 square feet. In the case of _

a Hemisflo parachute, the theoreti- 4
cal ratio of projected area to nomi- h
nal area would be 0.386. High
frequency canopy breathing was

evidenced during the first second _

of test operation. For very brief D[7 -

periods (about five milliseconds), 0 200 4 00 go000 1200 1400
FRAME NO. - FROM DEPLOYMENT

the area ratio attained a maximumn 0 , 2 4

value of 0. 34 and a minimum value APPROXIMATE 1, a - IC.oNr

of 0. 275. This breathing -o not 'Da'm 3-5

presented as data in Figure 57.
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12 27 32

21 
28 

34

23 
29 

35

24 
30

26 344

TIMES SHOWN ARE FROM START OF DEPLOYMENT
CAMERA SPEED IS APPROXIMATELY 200 FRAMES PER SECOND

Figure 58. I-{emisflo Parachute Inflation Characteristics
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Parachute oscillations were measured in degrees displacement
frocrr the canopy location at estimated time of snatch. Though the data
is presented as an oscillation, the parachute movement was actually
rotational in nature, with the center of rotation being a point possess-
ing what appears to be random movement. An approximate period of
rotation, not evidenced by inspection of Figure 57 was 0.06 second
(once every 12 frames) during the first 0.50 second of test and decay-
ing to once every 57 frames (0.28 second) at the end of the record. As
time, from deployment, progresses the radius of rotation dirir.nished
but never reached zero. The random movement of Ithe center of rota-
tion did not seem to be effected significantly by lower velocities. Thus
a time-history of instantaneous oscillation (or displacement) does not
in this particular case present a rigorous evaluation of parachute
stability. Shown in Figure 57 are average values of parachute displace-
ment. At no time did the parachute displace more than 8.25 degrees
(2. 32 feet). Figure 58 illustrates the Hemisflo parachute inflation
characteristics.

5i
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SECTION VI

CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

Examination of the results obtained during the Phase IV test program

lead to a number of conclusions which are as follows:

•l) A method for the testing of aerodynamic decelerators at highMach

numbers and high altitudes, in addition to those employed in previous
phases, was developed. The ground launch technique is practical,

:asonably economical, and offers a potential for future development.

(Z) A modified Cree test vehicle was developed which was suitable
for an over water type of operation. The flotation capability, which
was added to the basic land type vehicle, was developed to the point
where successful operation could be expected under normal operating
conditions. This was evidenced by the recovery of the test vehicle
during two of the last three test missions.

(3) Parachutes with shaped canopies, such as the Equiflo and the
.... Hemisflo, show promise for supersonic operation. The Hemisflo

particularly functioned well at Mach numbers as high as 1. 83. The
canopy had excellent shape, was steady, and was fully inflated.

(4) While only limited testing was accomplished during the Phase IV
field effort, it should be recognized that on future programs it will be
possible to test at an increased rate. Any scheduling rate will be de-
pendent mainly upon the work load at the test range and the priority
assigned to the parachute test program.

(5) The ground launch technique while eliminating or reducing some
of the problems attendant with aircraft and balloon launching does intro-
duce some entirely new problem areas. However, none of these prob-
lem areas appear to offer any serious restriction to the eventual devel-
opment of equipments and techniques for testing at conditions far beyond
the capabilities of either of the other two launch methods.

B. Recommendations

Since the Cree missile program has been one of a continuing nature, it
can be logically assumed that the test methods developed during the Phase IV
program would be cxtended into future phases.
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Based upon the results of the effort reported herein and the conclusions
drawn, a number of recommendations can now be made. These are:

(1) Parachute testing utilizing the ground launch technique should
be continued.

(2) Effort should be directed towards tests at higher Mach numbers
and higher altitudes. If necessary, boosters other than the M5EI Nike
should be employed.

(3) The investigation of shaped parachute canopies should be continued.
Other more exotic configurations should also be tested if preliminary
wind tunnel investigations indicate satisfactory operation.

(4) The free flight test program should be augmented by a wind tunnel
study with effort directed towards the development of new concepts in
the field of aerodynamic decelerators.

(5) The various facets of the test effort such as test vehicle design,
launch hardware and fittings, checkout and launch techniques and mis-
sile tracking and search activity should be reviewed with the aim of
improving over-all range coordination and both the quality and the
quantity of the test data collected.
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